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comp le t ion of thi s  th e s i s  s e eme d fo rever beyond my grasp ; 
and t o  the  e a r l y  s e t t l e r s  o f  Cades  Cove and the s ou th e rn 
App a l ach i ans  and p ar t i cul a r ly to th o s e  wh o s an g  th i s  song : 
; 
Oh, Groun dho g - -Anonymous 
Wake up G r an ddaddy, g e t  your do g ,  
Wake up G r an dd addy , ge t your dog , 
Go in' up the ho l l a r t o  catch a groundho g ,  
Oh , groundh o g .  
Wh i s t l e  up your do g und shoulder up your gun , 
�fu i s t l e  up your do g and s hou l d e r  up your gun , 
G o t  t h a t  groundh o g  on th e run , 
Oh , g roundh o g .  
Yonder come s B i l ly w i th a 10 fo o t  p o l e , 
Yon d e r  c ome s B i l ly with a 10 foot p o l e , 
Twi s t  t h a t  groundhog ri ght out o f  h i s  h o l e , 
Oh , groundh o g .  
I du g down but I d i dn't d i g  de ep , 
I du g down but I d i dn ' t  di g d e ep , 
Cau gh t  t h at g roundh o g  fas t  a s l e ep , 
Oh , groundh o g .  
Yonder come s S a l l y  wi th a s n i cke r and a grin , 
Yon d e r  come s S al l y w i th a s n i ck e r  and a gr i n , 
Wh i s t l e - p i g  g r e a s e a l l  ove r  h e r  chin , 
Oh , g roundh o g . 
E at the me at  and t an the h i de , 
Eat the meat and tan the h i d�, 
M ak e s  the be s t  s hoe  l ac e  eve r was ti ed , 
Oh , groundh o g . 
i i  
Look out boys I'm 'bout to fall, 
Look out bovs I'm 'bout to fall, 
Eat 'til my
.
britches won't button at all, 
Oht groundhog. 
Little piece of meat sittin' on the shelf� 
Little piece of meat sittin' on the shelf, 
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ABST��CT 
The purp o s e  o f  th i s  study was to de l i n e ate cert a i n  
p opulat i on ch aracteri stics and b eh av i o ral  asp e ct s  o f  th e 
wo od chuck (Marmot a monax) in  the s outh e astern extr emity 
o f  its range . Random qu adrats from a g r i d  s y st em o f  the 
C ad e s  Cove a r e a , GS�mP , we r e  s y st emat i c a l l y  s e arch e d  fo r 
active woo dchuck burrow s y stems dur ing th e summers o f  
1976 , 1977, and 1 978 .  Al l burrow s y st ems , t o p o graph i c a l  
feature s , and bui l din g s  were mark e d  o n  a s c a l e d  d r aw i n g  
and v a r i o u s  burrow d imens i on s  and l and us a g e  we re r e c o rde d .  
Twi c e  w e e k l y  b etwe en 7 Ju ly 1 977 and 1 1  July 1 978 , ob s e rva ­
t i ons were made o f  woodchuck s to as s e s s  b eh av i o r a l  r e s p on s e s  
to the envi ronment . 
S e venty-five p erc ent o f  act ive bur rows were fo und 
to hou s e  p e rmanent re s i dents r e s ult i n g  in p opu l at i on 
e s t imat e s o f  8 1 4 , 17 3 5 ,  and 1 3 5 1  woodchucks in C ad e s  Cove 
fo r 1976 , 1977 , and 1 978 , r e s p e ctive l y . The p opul at i on 
was aggre g at e d  in re spon s e  to l and use and th e ava ila ­
b i l ity o f  ccver. Comp etit ion with c att l e , p re d ation and 
s o ci al inte ract i o n s  app ar ently influen c e d  p o p u l at i on 
numb e r s .  
Mean activity ob serv e d  p e r  hour chan g e d  throughout 
the y e ar i n  re s p on s e  to ch an g ing dens iti e s  o f  non ­
hibernatin g wo o dchucks and chan g ing act i vity l e ve l s  
p e r  indiv i du al . M e an activ ity of wo odchuc k s  ir1 Cad e s  
v 
vi 
Cove d i ffered from mo re northe rn popul at i on s  due t o  a 
long e r  growing s e a s on and a sho rt e r  p e r i o d  o f  h ib ern at i on . 
Frequency d i s t r ibut i ons o f  var i ou s  behavi9 r s  ch ang e d  w i th 
s e a s on and time o f  d ay in re s p o n s e  to rep roduct ive condi ­
t i on ,  envi ronmen t a l  condi t i ons, and s o c i a l i n t e r ac t i on s . 
F o r a g i n g  was  p r e dominant during a l l  s e asons  though i t  
o c cu r r e d  l e s s  fr�quently than i n  n o r t h e rn popu l a t i on s . 
Al e rt p o s i t i ons  o c curred mo re frequent l y  in s ummer and 
fal l than dur ing w in t e r  an d s p r in g . Re s t i n g, a l e rt , 
t r ave l in g , and s o c i al b e h avi o r s  were more p r e val ent  dur i ng 
the mo rni n g  wh i l e  fo r a g i n g  was the dominant b eh av i o r  dur i n g  
t h e  a ft e rn oon . Da i ly ac t iv i ty p a t t e rns  chan ge d  t hrou ghout 
t h e  y e ar wi t h  a un imo d al d i s t ribut ion o c cur r in g  in  s p r in g  
and fal l and a b imodal  d i s t ribut i on o ccur r i n g  i n  l at e  
s p r i n g  and s umme r .  The b imodal p a t t e rn was  no t found t o  
o c cur in  r e spons e t o  t emp erature as  s u g g e s t e d  by e a r l i e r  
r e s e arch e r s  b u t  r a th e r  was thought t o  b e  a r e s u l t  o f  
i n d i v i du a l  act i v i ty l evel s . C l oud cover, t emp e rature, 
and p r e c ip i t at i on we re found t o  affe c t  act i v i ty over a 
yearly p e r i o d ,  though di fferenc e s  we re found i n  t h e  
s e as on a l  e f fe c t s  o f  tho s e  var i ab l e s . Though n o t  s i gn i fi ­
c ant  over a y e a r , r e l a t ive  humi d i ty influenc e d  b eh avi o r  
duri n g  c e r t a i n  s e a s on s . 
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INTRODUCTION 
Original l y  a fo r e st dwe l l e r , the woo dchuck h as 
re adily a dapt e d  to the op en f i e l ds and me adows c r e ate d by 
agri culture and c i vil izat i on . S cho onmak e r  ( 1 966) at ­
tribute s thi s c onve r s i on to gre at e r  a c c e s s ib i l ity o f  fo od  
and inc r e as e d  l i ght inten s ity . Opt imum h ab itat for th e 
wo o d chuck h a s  been describ e d  a s  woods' e d ge and b ru s hy 
fence rows ( de Vo s an d G i l le s p i e  1 9 6 0 ,  S cho onmake r  1 9 6 6 )  
a s  we l l  a s  open fi e ld s  o f  s oyb e ans , h ay and a l fa l fa 
( Gr izze l l  1 9 5 5 , S ch o onmake r  1 966) . H owe ve r , open wo o d s  
and b ru s hy o r  ro cky r avines  h ave al s o  b e en c it e d  as  den 
and fo r a g i n g  s ite s (Howe l l  1 9 1 5 , Caras 19 6 7 ,  B urt and 
G ro s s enh e i d e r  1 9 7 6 ) . I n  r e c ent y e a r s , int e r s t ate me di ans , 
o rchards , and ab andon e d  cemeter i e s  h av e  b e c ome c ommon 
burr owing s ite s ( S ch o onmak e r  1 96 6 , Douc et et a l . 19 7 4). 
M e r r i am ( 1 9 7 1) a s s e rt s  th at ve g et at i on h a s  l itt l e  e f fe ct 
on burrow l o c at i on , h owev e r  Me r r i am and Me r r i am ( 1 9 6 5 ) 
and Thomp s on ( 1 9 71)  have demon str at e d  a strong in fluen c e  
b y  burrows o n  the imme di ate ve g etat i on due t o  the alt e r a ­
t i on o f  s o i l  nut r i ent s  and mo i sture and t o  the e f fe ct s  o f  
foragin g . 
So i l  textur e  and drainage c l a s s e s  have a l s o  b e e n  
shown to a f fe ct bur r ow l o c at i on . S andy learn s , f i n e  sandy 
learns, and s i lt l earns wh ich a r e  we l l - dr a ined h ave b e en 
shown to be preferred burrowing s ite s ( Mo s s  1 940, Currier 
1 
2 
1 9 4 9 , An thony 1 9 62, M e r r i am 1 9 71) . S ome auth o r s  l i s t ed 
s t e ep s l o p e s  as pre fe rab l e  ( Me rr i am 1971, H ende r s on and 
G i l b e r t  1 978) wh i l e o t he rs re g arded gradua l s l op e s  and 
fl at a r e a s  a s  ideal (Twich e l l 1939, Gr izze l 1955). Two 
typ e s  of burrows are app arent ly ut i l i ze d ; a s umme r burrow , 
charac t e r i z e d  by op en a r e a s  on  f l a t  o r  gent ly ro l l in g  
t o p o g raphy , and a h ibern at i on d en , which is  usual ly fo und 
in wo o d e d  o r  b ru s hy hab i t a t  (Hami l t o n  1 934 , Tw i ch e l l  
1 9 3 9, G r i z z e l l  1 9 5 5 , S ch oonmaker 1 9 6 6 ) . 
Woo dchuck s mus t  s p end the s umme r months  b ui l ding up 
fat s t o r e s  to c a r ry them th rou gh win t e r  h i b e rn a t i o n . 
The s e  s t o r e s  are  ut i l i z ed for s everal  we ek s fo l l owing 
eme r ge n c e  from h ib e rnat i on s in c e  v e g e t at i on i s  s p a r s e  and 
woo dchuc k s  are  int en t  on mat ing  ( Snyd e r  and Chr i s t i an 1 9 6 0 , 
Dav i s  1 9 6 7 a) . I n  re l at i on t o  th i s  b e h av i o r , S nyde r  e t  a l . 
( 1 9 61) and B a i l ey (1 9 6 Sa)  d e s c r ib e  a s i x -month p e r i o d  o f  
we i ght g ain counte rac t e d  b y  a s i x - month p e r i o d o f  w e i gh t  
lo s s . F a l l (1971 ) , howev e r , found ind i c a t i on s  o f  a 
rhythm s l i ghtly l e s s  than one ye ar , a fac t o r  t h at exp l a ins  
di fferenc e s  in h i b e rn at ion for di fferent a ge c l as s e s . 
Th e s e  s tud i e s  s e em t o  s u g ge s t  a c i rc annual  rhythm , a s  we l l  
a s  a sea s on a l  c h an ge in fo r a g in g  b eh avi o r  ( Dav i s  and 
Finn i e  1975) . 
Al thou gh much r e c ent r e s e arch en Marmo t a  monax h a s  
de alt w i th the phys i o l og i c al asp e c t s  o f  h i b e rnation , o th e r 
are as o f  i t s  l i fe h i s t o ry are  b e ing  pur s ue d .  B eh avi o r a l  
as p e c ts o f  t h e  woodchuck have recei¥ed cons i d e r ab l e  at -
tention . Bronson (1963, 19 6 4 ) found that a gg ress ive 
en counters dec rease steadily follow ing the rep roduc t i ve 
p eriod, po ssib ly cau sed by a drop in andro gen l e ve ls as 
ind i c ate d by  a we i ght ch an ge of the s eminal  ves ic l e s . 
A s ub s e quent i n c r e as e  in s uch encount e rs aroun d Jul y  was  
co rre l at e d  w i th a l ar ge in c r e a s e  in  popu l at ion due to 
the d i sp e r s a l  o f  youn g . A study of mothe r- i n fant 
relation s ind i c ate s that incre a s e d  a g g r e ss ion s hown by 
the  femal e  tow a r d s  her  youn g p rior to th e i r  d is p e rs a l  
cont r ibut es to the  h i gh a gon i s t i c  b eh av ior l eve ls s e en 
at tha t  time ( B a r a s h  1 9 7 4 a) . 
3 
B ar a s h  ( 1 9 7 4 b )  cor re l at e s  the re l ative ag gre s s ive -
ne s s  o f  the woo d chuc k s  w i th the i r  sol it ary l i f e sty l e ,  an 
ex i sten c e  p e rm it t e d  by the re l at i v e l y  long g row in g  s e ason 
t h at occurs  w ith in its r an ge . The har s h e r env i ronments 
inh ab ite d  by  othe r ma rmot s require co lon i a l  l i v i n g  an d 
l e s s  a g gre ss ive in t e r a c t ion amon g memb e r s  o f  the co lony, 
I 
The ag g re s s i venes s o f  th e woodchuck ap p e ars to b e  
s e ason al l y  influen c e d  r ath e r  than dens i ty influenc e d  
( B ron son 1 9 6 3 , Arm i t a ge 1 975 ,  1 9 7 7 ) , a l th ough a gg re s s ive 
int e r a c t ion s were lowe r in  h igh density popu l ation s than 
in low den sity popul at ions . Popul at ion dens i t y  w a s  
import ant in dete rmining the rat e o f  con t act , but s e a son 
determi ned the anim a l s' r e act ions to th at cont a c t .  
Other beh avior al  work has c ente red on both s e as ona l 
4 
and da i ly act i vi ty p at t e rns . B ron s on (19 62) found that 
d a i ly act i v i ty l eve l s  o f  w o o dchucks in Penn s yl vani a in ­
c r e as e d  from the t ime o f  eme rgence from h ib e rn a t i o n  unt i l  
aft er  the  youn g d i s pe r s e d ,  then decr e a s e d  unt i l  the  
ce s s at i on of  ac t i vi ty due t o  h ib e rnat i on . Ch an g e s  in 
dai ly act i vi ty p a t t e rn s  were al s o  demon s t ra t e d  with a 
uni mo dal  d i s t r i but i on charact e r i z ing  act i v i t y  from 
F e b ruary through Ap r i l  and from S e p t emb e r  to Novemb e r  and 
a b imodal  d i s t r ibu t i on occur r i n g  from May through Augus t .  
Th i s  b imo dal p a t t e rn was a l s o  found b y  e th o l o gical s tud i e s  
i n  New Y ork ( Co n r ad and F i dura 1 9 7 0 )  and t e l em e t r ic wo rk 
i n  Arkans as ( H aye s 1 9 76) . The l at t e r s tudy cont radic t e d  
e ar l i er t e l emetric work b y  Merr i am (1 966 )  in  which in ­
c r e a s e s  in  m i dday in t e rbur row movemen t s  appe are d t o  o ffs e t  
a b imo d a l  di s t r ibut i on o f  act i v i ty . H aye s (19 76) s u g ­
ge s te d  t h a t  b imod a l  p at t e rn s  are caus e d  by  the inh i b i t i on 
o f  act iv i ty at t emp e ratur e s  above 31 ° C .  Furthe r s tudy 
i s  requ i re d  to  s ub s t an t i ate th i s  c l aim and t o  de l i n e a t e  
the  influenc e s  o f  envi ronmen t a l  fac t o r s  on woodchuck 
act ivi ty . 
The major i t y  o f  the s tud i e s  on woodchuck popu la ­
t i ons have t ak en p l ac e  in New York , P enns ylvan i a ,  C anada , 
and Mary l an d . The r an g e  o f  the wo o dchuck , howeve r ,  ex t ends  
from that re g i on we s tward to  the P ac i fic C o a s t through 
s outhe rn C an ada , and s outhwa rd throu gh the s outhe a s t e rn 
Un i t e d  S t at e s  t o  A l ab ama , Tenne s s e e , and Arkan s as ( Burt 
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and Gro s s enh e i der 1976). I n  order t o  eval uat e the e f fec t s  
o f  environme n t a l  fac t o r s  o n  woodchuck act i v i t y , s tud i e s  
mus t  a l s o  b e  carri e d  out i n  the extremi t i e s  o f  i t s  ran ge . 
The C ad e s  Cove are a  o f  the Gre a t  Smoky Moun t ai n s  
N ational P�rk ( GS MN P) pr ovide s  a n  idea l  s e t t in g  for a 
s tudy o f  Marm o t a  monax in the S outh e as t . S itua t e d  wi t h i n  
t h e  P ark , the  are a  i s  maint aine d  i n  h ay pro duct i on and 
c a t t l e  graz i n g , pro v i d i n g  9 76 . 9 h a  o f  prime h ab i t at for 
the wo o dchuck , a s  we l l  as e l iminat in g  hun t in g  pre s sure s .  
The popu l a t i on can b e  d irec t ly comp ared t o  o th er p opul at i on s  
on  farm l ands  i n  the S outhe a s t  th a t  are c on t inua l ly e xp l oit e d . 
Th i s  in formation i s  nece s s ary in  order t o  deve l op man agement 
p l an s  for the s p ec i e s  and t o  e s t ab l i sh b as e line d a t a  for 
the fut ur e  moni t oring o f  woodchuck p opu l a tions . 
I n  a preliminary s tudy ,  an und er gradu a t e  re s e arch er 
e s tima t e d  the 1 976 p opul a t ion o f  wo o dchucks  in C a d e s  Cove 
t o  be 8 1 4 (Br o o k s  1 9 76) . Th i s  an imal i s  a p op u l ar at tr ac ­
tion for p ark vi s itors and app e ar s  t o  b e  a major prey for 
re s ident pre da t ors.  Their burrows prov i de dens  for o t h e r  
animal s  t h a t  inh ab i t  t h e  Cove , inc l uding r e d  a n d  gray fox 
(Vulpe s  vulp e s , Urocyon ciner e o arge n t eus ) , co t tont a i l  
rabb i t s  ( Syl v i l agu s  flor idanu s ) , s kunk s (Meph i ti s  meph i ti s ) , 
and raccoons  ( Procyon l o t or) . Le a s ee s , ran g er s , and p ark 
vi s i t or s  h ave remark e d  on  the incr e a s e  of wo o dchuck s in 
Cade s  Cove dur i n g  the  p a s t  s e vera l  y e ar s . I n  ord er t o  
a s s e ss the s t a t e  o f  the p opul at ion , y ear l y  e s t imat e s  ar e 
r equired . 
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With these considerations in mind, the primary 
objectives of this project were to estimate the population 
densities of woodchucks for the summers of 1976, 197 7 ,  
and 1978, to evaluate trends in population numbers and 
distributions, and to assess daily and seasonal activity 
patterns in relation to environmental factors. An addi­
tional objective was to evaluate frequency distributions 
of behaviors exhibited daily and seasonally with regard 
to environmental influences. 
CHAPTE R I 
STUDY AREA 
Cade s Cove i s  found within B l ount County , T enne s s e e , 
i n  the G r e at Smoky Mount ai n s  N at i onal P ark ( F i gure 1 )  . Th i s  
gently ro l l in g , op en are a i s  s ur roun d e d  b y  den s e ly fo r e st e d  
mounta i n s . The evenne s s  o f  the Cove fl o o r  made i t  i de a l  
f o r  s e tt l e ment i n  the 1 8 0 0 ' s  and due t o  thi s  h i st o r i c a l  
he r itage , the Cove i s  p r e s ently mainta ine d b y  the p a r k  a s  
a n  e xh ib iti on dep i ct i n g  the cultural  a s p e ct s  o f  e a r l y  
p i on e e r  l i fe .  The C ove its e l f  i s , howeve r , n o  l o n g e r  
b roken up into the sma l l  farm p l ot s  r emi n i s c ent o f  th e 
p e r i o d .  O f  the 9 7 6 . 9  h a  th at c omp r i s e  the Cove , 7 6 . 5 % 
( 747 . 3  h a )  a r e  o p e n  ar e a s  maintained by c att l e  g r a z ing  
and h ay i n g  op e r at i on s  c ar r i e d  out by th r e e  p e rm itt e e  
o p e r ations und e r  N at i on a l  P a rk S e rv i c e  s up e rvi s i on . 
App rox imately 5 0 0  c att l e  and 4 0  h o r s e s  a r e  p a stur e d  in  
the are a .  The rema in i n g  2 3 . 5 % ( 2 2 9 . 6  h a )  is  cove r e d  with 
smal l wo o d l ot s . 
A one - way , s in gle - l ane d ,  paved r o a d , known a s  th e 
C ade s Cove Loop Ro ad , c i rc l e s the 1 7 . 6  km p e r imet e r  o f  
the s tudy a r e a  ( F i gure 1) . Two g r av e l l e d  r o a d s  t r an s e ct 
the Cove , a l l owing ac c e s s to  b arns , s t o r a g e  a r e a s, and 
p a s tur e s. G at e s  to a l l  roads a r e  c l o s e d  from s un down 
unt i l  0 6 0 0  h r  an d a l l  visito r traffi c i s  e x c luded dur in g  
tho s e  hours. 
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Figure 1 .  Cades Cove in the GSMNP. 
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Th e Cove l i e s  at 3 5° N. l a t i tude and 8 3° W . 
l on g itud e , w i th e l evat ion r an ging from 5 1 8  to  599 m .  
Ab r ams C r e e k  and i t s  tribut a r i e s  cons t i tut e 3 6 . 8  km of 
s t r e ams that  drain the Cove . Many o f  the s ma lle r 
b r anch e s  dry up dur in g the s ummer and p o rtions o f  Ab r ams  
Creek  may o c c a s i onal ly b e  dry dur ing  July and Augu s t . 
S e v e r a l  sma l l  s wampy are a s  o c cur a l on g  the c r e ek . 
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Ve g e t a t ion w ith in the p a s tur e s  c on s is t s  p r imar i ly 
o f  gra s s e s  and c l ove r s . F e s cue (Fe s tu c a  s p . ) , o r ch a rd­
g r a s s ( Dac ty l i s  s p . ) , t imo thy ( Ph l e um sp . )  and r e d  and 
l ad ino c l ove r s  ( T r i fo l i um sp . )  are the domi n ant group s  
found i n  h ay f i e l d s . I n  add i t i on, S o l anum c a r o l inen s e i s  
common i n  the pas ture s and w i l l ow gra s s  (Mi c ro s t egium sp . )  
and smart  we e d  ( P o lygonum sp . )  domi n ate the e d g e s  o f  
woodl o t s  and c r e ekb ank s . 
Many wo od l o t s  w i thin the Cove con tain nea rly pure 
s tands o f  wh i t e  p in e  ( P inus s trobus ) and s h o r t l e a f  p ine 
( P . e ch in a t a) wh i l e  the  unde rs t o ry o ft en cont a i n s  heml ock 
(Tsuga can adens i s ) . Mixed dec iduou s wo od l o t s a r e  a l s o  
common , conta i n ing tul ip pop l ar ( L i r i odendron tul ipi fe r a )  
and var i o u s  s p e c i e s  o f  o ak (Que rcus ) , map l e  ( Ac e r)  , and 
h i ck o ry (Carya) . 
C ade s Cove p rovi d e s  hab i t at fo r a dive r s i ty o f  
wil dl i f e s p e c i e s .  The p r o te c t e d  env i r onment found wi th in 
t h e  p a rk encou r age s a s em i - t ame nature  in  many s p e c i e s  
which all ows  h i gh ob s e rvab i l i ty t o  vi s i t o r s  and r e s e arch e r s  
al ike. Some major sp e c i es inc lude b l ack b e a r (U r s us 
americanus), wh i t e -ta i l ed d e e r  (2doc o i l e u s  virg i n i anus ) , 
Europ ean wild ho g (Sus s c rofa) , gray and r e d  fox , g r ay 
s qu i rr e l  ( S c iu rus c aro l i nensis) , rac coon) woodchuck , 
w i ld turkey ( Male agr i s  ga l lop avo) , ruffed g rous e ( Bona s a  
umb e l l us ) , and many p as s e rine s p e c ie s  such a s  the 
e a stern b l ueb i rd ( S i a l i a  s i al i s) . 
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CHAPTER I I 
METHODS AND MATERIALS 
Dens ity and Di stribut ion 
Dens ity dete rmin ati on . A s urvey o f  th e popu l at ion 
d e n s ity of  wo o dchucks in  Cades  Cove , GSMNP , was  conduct e d  
dur in g th e s umme r s  o f  19 7 6 , 1 9 7 7 , and 1 9 7 8 . The o ri g in a l  
a s s umpt i o n  und e r lying  th e 1 9 76 study b y  Brooks (19 76)  was ·  
that a rat i o  o f  one  woodchuck p e r  bu r row ex i st e d in the 
Cove . T o  t e st th i s  a s s umpt i on , diurn al  ob s e rvat i o n s  wer e  
mad e  dur in g  t·h e  s umme r o f  1 9 78 .  B inocu l a r s  ( 1 0  x 5 0  mm) 
and a 6 0  x s p ott ing scop e w e r e  u s e d  to det e rm i n e  the numb e r  
o f  woodchucks  ut i l i z in g  individual burrow syst ems and the 
p e rcentage o f  act ive  burr ows b e ing u s e d  by p e rmanent 
re s idents . The s e  ob s e rv at i ons took p l ace in  a r e a s  mapp e d  
as  t o  th e numb e r  and l ocat i on o f  burrows and we r e  unde r ­
taken dur ing p e ak act ivity in the summ e r  ( 1 7 0 0- 2 1 0 0  h r )  
i n  o rd e r  to optimi z e  ob s e rvat ion time . The numb e r  o f  
wo o dchuck s and the i r  moveme nts were  reco r d e d  and comp a r e d  
with t h e  numb e r  o f  burrow s ystems . Twe l ve p l ot s  we re  
o b s erved and c l as s i fi e d  into th e fo l l ow ing h ab itat typ e s : 
b ru shy are a s , wo o d l ot s , h ayfie l d s , and p a stu r e . Wo ode d 
a r e a s  w e r e  d i ffi cult to ob s e rve in th i s  manne r ,  although 
al l s ight i n g s  in wooded  and othe r  a r e a s  we r e  r eco r d e d  
du ring the dens ity study . 
1 1  
Th e samp l i ng t e chn i que u s e d  in the surveys o f  
popu l at i o n  density o f  the wo odchucks in Cad e s  Cove 
inc orporat e d  the use o f  a 7.5 minut e US GS quadranale b ' 
t op o gr aph i c a l  map . Brooks ( 1976) s e t  up a 1 x 1 em g r i d  
s y s t em lab e l ed o n  a n  X , Y ax i s  ( F i gure 2) , whi ch d i v i d e d  
th e C o v e  i n t o  p l o t s  mea suring 2 4 4  x 2 4 4  m .  Quadra t s  
we r e  randomly cho s e n  from the map each summe r ,  de l e t in g  
th o s e  that fe l l  SO % o r  mo re  out s i de o f  t he s tudy area . 
Th i rty - four p l o t s , rep r e s ent in g  2 0 %  o f  the  area , w e r e  
ch o s en fo r the s umme r s  o f  1 9 7 7  and 1 9 7 8 ,  t hough only 3 3  
we re cho s en dur i n g  the s umme r o f  1 9 76 ( B ro o k s  1 9 76) . 
The p l o t s we re  l o cat ed indiv i dual l y in  the fi e l d  
b y  c ompu t in g  di s tanc e s  from t op o g raph i ca l  feature s and 
p ermanen t  s t ructure s .  W i t h  the a i d  o f  a compa s s ,  the  
quadrat s we re  naced off and the c o rn e r s  we re  mark e d  w i t h  
v i s ib l e  wh i t e  s take s . Each p l o t  wa s then s y s t emat i ca l ly 
1 2  
s earch e d  fo r bur row s y s t ems , wi th fre s h l y  ex cava t e d  d i rt , 
t ra i l s  in  the ve g e tat i on , and fe c e s  near the ent ranc e s  
indi cat i n g  ac t i ve burrows . Al l burrow sy s t ems , t op o ­
graphica l featur e s ,  b u i l dings , and o th e r  landmark s were  
l o ca t e d  on a s ca l e d  drawin g .  Var i ous b urrow d i me n s i o n s  
we r e  r e c o r d e d  fo r each act ive burrow s y s t em , dimen s i o n s  
va rying ac c o rd i n g  t o  y ea r . The numb e r  o f  e n t ran c e s , a s  
we l l  a s  d i s tanc es t o  the  neare s t  ac t i ve burrow , neare s t  
ina c t i ve b urr ow, wat e r  s ou rc e s , and t h e  road were r e c o r ded 
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F i gure 2 .  Gr i d s y s t em and ob s e rvat ion are a s  i n  C ade s Cove ,  GSMNP. A r e a s  A and B 
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we re us e d  for b eh av i or al ob s e rvat i on s . � 
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number o f  r e gu l ar ent ran c e s  and th e numb er o f  plun ge 
en tranc e s  were r e c o rde d for 1977 and 1978, wh i l e  mound 
he i ght and d i ame t e r  and entrance di ame t e r  were me asured 
in 1976 and 1977. The l o c a t i on o f  e ach burrow s y s t em 
was c l a s s i f i e d  a c c o r d i n g  t o  the fo l l ow i n g  c l as s i f i c a t i o n  
s ch eme : (1) hayf i e l d , ( 2 )  p as t ure , ( 3 ) wo o d l o t , l e s s  
than 2 0  m t o  t h e  e d g e , (4) wo o dl o t , g r e a t e r  than 2 0  m to  
the  e d g e , ( 5 ) b ru s hy are a , o r  (6) und e r  a b u i l d in g . 
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S t a t i s t i c a l  an alys i s . Tot al popu l a t i on e s t imat e s  
we re  de r i v e d  f o r  e ach ye ar b y  mu l t i p l y i n g  the ave r a g e  
numb er o f  b ur rows p e r  s amp l e d  quadrat b y  t h e  t o t al numb e r  
o f  qua d r a t s  ( 16 2 ) , then d i v i d i n g  b y  the s amp l in g  frac t i on 
an d m�l t i p l y i n g  b y  7 5 %  ut i l i z at i on ( Tanne r  1 9 7 8 ) . The 
s amp l in g  frac t i on was  2 0 %  o f  the Cove are a .  P opul at i on 
dens i t i e s  we re c al c u l a t e d  for each y e a r  as we l l  a s  den s i ­
t i e s  for the maj o r  hab i t at type s (hay f i e l d ,  p a s ture , and 
woo d l o t ) . Due to the non - no rmal d i s tr ibut i on s  o f  the  
b ur row s y s t ems , t h e  Mann - Wh i tney U - t e s t  was u s e d  to  comp a r e  
popul a t i on e s t imat e s  b e twe en year s . B ur row d i men s i on s  
were analy z e d  b e twe en con s e cut ive ye a r s  wi t h  t he u s e  o f  
a t - t e s t . Whe r e  va r i anc e s  we re une qua l , Sat t e rwa i t e ' s  
app r o x i ma t i on was u s e d  to  comput e the d e g r e e s  o f  fre e dom 
as s oc i at e d  w i th t he t app roximat i on (St e e l  and T e r r i e  1 96 0 ) . 
Dunc an's Mul t i p l e  Ran g e  t e s t  wa s u s e d  t o  t e s t  for  di ffe r -
enc e s  in burrow dimen s i ons  amon g h ab i t a t  typ e s  w i t h  s i g-
nif i c anc e  rep o r t e d  wh en p < 0 . 0 5 .  
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The 34 quadrat map s  from e a ch o f  the thre e s urveys 
we re  sup e r- impo s e d on a s o i l  s urvey map o f  Cades  Cove 
( E l de r  et  al . 1 95 9). Burrow s i t e s  we re loc at e d  on the 
map and the so i l  te xture and drainage c l a s s e s  w e r e  
r e c o rde d .  
B e h avi o ra l  Ana ly s i s  
Ob s e rvat i on s . Two areas  i n  Cade s C ov e , GSMNP , we r e  
cho s en t o  d e t e rmine act i vi ty p a t t e rns  o f  wo o d chuck s and 
the e ffe c t s  o f  env i ronmen t a l  va r i ab l e s on the s e  p at t erns . 
The s e  a r e a s  we re  ch o s en on the b as i s  o f  o p t imal h ab i t a t , 
l ar g e  p opu l a t i o n  s i z e , l im i t e d  i n t e r ference  by p ark vi s i t o r s  
and g r a z i n g  an ima l s , and the ava i l ab i l i ty o f  obs e rvat i o n  
p o int s  ( F i gu r e  2 )  . 
Ob s e rvat i on s  b e g an 7 Ju ly 1 9 7 7  and cont inue d un t i l  
1 1  Jul y  1 9 7 8 . One day a we e k  was a l l o t t e d  t o  e ac h  are a 
wi th ob s e rvat i on s  b e g inn i n g  s h o r t l y  a f t e r  s un r i s e  an d 
cont inu i n g  un t i l  act i v i t y  c e a s e d; t h i s  was usua l ly w i t h i n  
one -ha l f  hour o f  suns e t . From 6 D e c emb e r  t hr o u gh 1 1  
Feb ruary , ob s e rvat i ons  we re  s h o rt ened to  two - th r e e  hours 
a week per f i e l d  due to  the d e c l ine in a c t ivi ty due to 
h i b e rnat i on .  
E ach day o f  ob s e rvat i on was d i v i ded into  1 0 - mi nut e 
in t e rva l s  and a s c an survey o f  the a r e a  was c onduc t e d  
dur ing  e ach p e r i o d . B in o cul ars ( 1 0  x SO mm) and a 60  x 
s p o t t i n g  s co p e  we r e  u s e d  to  l o c a t e  al l wo o dchuc k s  ab ove 
ground . The b e havi o r  o f  e ach sub j e c t  wh e n  ini t ia l ly 
s igh t e d  dur ing each s c an ob s e rva t i on wa s r e c o rd e d  a s  one 
of the fo l l owing b eh av i o r a l  c a t ego r i e s: 
a .  up - al er t: an imal s i tt ing up with h e a d  er e c t  
and e a r s  p e rk e d  up; 
b .  down -al e rt: ani mal on a l l  four fe e t , usua l ly 
mo t i on l e s s , h e a d  up and ears p e r k e d; 
c .  fo rag ing: an ima l  on a l l  four fe e t ,  f e e d ing; 
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d. re s t ing: anima l  lying down , h e a d  on ground o r  
fo re l eg s; 
e .  t rave l ing: an an ima l  mo ving b e twe en two 
burr ow s y s t e ms; 
f .  burrow mai n t enance: an imal ac t i ve at entranc e ,  
c l e aning away deb r i s; a l s o  the co l l e c t ion o f  dry gras s 
and entran c e  int o the burrow; 
g .  g r o om ing: one an ima l  c l e aning s e l f; 
h .  s oc i a l  i n t e r ac t i on: an ima l s  fac ing each o t he r , 
no s e s  or fac e s  in c l o s e  prox imi ty; 
i .  agon i s t i c: an ima l  in a thre a t  p o s ture , b ac k  
arche d , h a i r  on b ac k  e r e c t , he ad o r i en t e d  toward opponent , 
mouth op en; o r  actual  fi ght ing. 
Thi s  l i s t  o f  b ehav i o r s wa s mo d i f i e d  from a s im i l ar l i s t  
c omp i l e d  b y  Conrad and F i dura ( 19 7 0 )  . Th e l a s t  four 
cat e go r i e s  were lat e r  comb ine d into a s ing le c a t ego ry 
due to the ir rar e  o c currenc e s. 
In addi t i on , envi ronmen t a l var iab l e s  we re r e c o rd e d  
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a t  one-ha l f  hour interval s  and inc luded amb i en t  temp e r a ­
ture , r e l at i ve humi d i ty , p e rcentage c l oud c o ve r , and 
p re c i p itation . T emp e rature and re l at i ve hum i d i ty we r e  
re cord e d  to th e n e ares t  d e gr e e  o r  p e r c enta ge , r e s p e c t iv e l y , 
wh i l e c l o ud c o v e r  was e s t imat e d  to t h e  n e a r e s t  1 0 % . P r e ­
c i p i t at i on fe l l  int o the fo l l owing s ix c a t e g o r i e s : 0 - - no 
p re c i p i t a t i on , 1 - - l i gh t  r a in o r  dri z zle , 2 - - mo d e r a t e  
r a infa l l , 3 - - h e avy r a in fal l ,  4 - - snow , and 5 - - s l e e t . 
Unn atura l  d i s turb anc e s , s uch a s  t r ac t o r s , p e op l e , do g s , 
and c at t l e  we re al s o  no t e d . 
S t a t i s t i c a l  an aly s i s . D i fferenc e s  in b eh av i o r a l  
frequenc i e s  w e r e  t e s t e d  f o r  the hyp o the s i s o f  h omo gene i ty 
b e tween s e a s on s  and b e twe en cons e cut i ve mon t h s  u s in g  a 
Ch i S quare c on t i n gency t ab l e  (p  < 0 . 0 5 ) . In a dd i t i on , 
t h e  frequency d i s t r i but i on o f  b eh av i o r s  thai oc curr e d  i n  
the mo rn i n g  ( 060 0 - 1 3 00 hrs ) w a s  comp ar e d  w i t h  that  o f  
the a f t e rn o o n  (13 0 0- 2 1 0 0 hr s ) .  S imi l ar l y , d a i ly ac t i v i ty 
p a t t e rn s  were group e d  b y  s e as on and by mon t h  and the 
hyp o t h e s i s  of h omo gene i ty � f  act i v i ty pat t e rn s  was t e s t e d  
i n  the s ame manne r .  
The hyp o th e s i s  that t ime o f  year , t ime o f  day , and 
c l i ma t i c  fac t o r s  h ad no e f fect  on woodchuck a c t i v i ty was 
evaluated us ing  l e a s t  s quare analy s i s  o f  var i anc e p ro ­
c e dure s .  I n  an att emp t  to c l ari fy re l at i o n s h i p s  amo n g  
th e independent var i ab l e s , s e quen t i a l sums  o f  s quare s and 
par t i a l  s ums  o f  s quar e s  we re ana l y z ed s imul t aneou s l y . 
S ince t h e  s e quent ial r e lat i on s h ip s can b e  a f fe c t e d b y  
o r der o f  inc l us i o n  o f  t h e  var ia b l e s  i n  th e mo d e l , a 
s t rat e gy bas e d  on ea s e  o f  mea s urement wa s cho s en . The 
l eas t s qua r e s  ana l y s i s  of  var ianc e  p r o c edur e s  we re  run 
fo r ind i v i dua l s ea s o n s  a s  we l l  as fo r a one - year p e r i o d . 
D i re c t  and inve r s e  re lat i on s hip s b e twe en c l imat i c  
var iab l e s  and ac t i vi ty we r e  ind i ca t e d  by  t he l ea s t  
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s quare s ana l y s i s  o f  var ianc e but we re  cal culat e d  by 
ho l di n g  a l l  o t h e r  va r iab l e s  con s tan t . The s e  re lat i o n s h i p s  
we re  evalua t e d  i n  con j un c t i on w i t h  t h e  b i o l o gy o f  wo o d ­
chucks and w e r e  r ep o r t e d  when they s e emed b i o l o g i ca l l y  
c on s i s t ent . 
CHAPTE R I I I  
RESULTS AND D ISCUSS I ON 
I. DENS ITY AND D IST RIBUT I ON 
An imal Ob s e rvat i on s  
One hundre d and fi fty - four a c t i ve b ur row s y s t ems  
were ob s e rve d in 1 2  mapped areas . Of the s e , 1 1 5  b urrow 
s y s tems w e r e  found t o  con t a i n  a s in g l e  r e s i dent woo dchuck , 
r e s ul t in g  in a 7 5 %  rate  o f  ut i l i z at i on . The remai ning 3 9  
sy s t ems w e r e  app aren t ly aux i liary burrows u s e d  fo r r e fuge s 
du r in g  for ag in g  and t ravel ing . Th i s  e s t i ma t e  may b e  
s l i gh t ly l owe r t han the actual fi gure due t o  the d i ffi ­
cul ty o f  ob s e rv i n g  woo dchuck s in b ru s hy and w o o d e d  are as . 
Re c o rds  o f  woodchuck s ob s e rve d in wo o d l o t s  dur ing t h e  
s u rvey o f  quad r a t s  sup p o r t s  the 7 5 %  r e s i de n c e  figure . 
G r i z z e l l  ( 19 5 5 )  al s o  found that 7 5 %  o f  the ac t i ve burrows 
in h i s  s tudy a r e a  in Mary land ac tua l ly contain e d  an an i ma l . 
Dens iti e s  and Di s t r ib ut ions  
The o ri ginal  s urvey by Bro o k s  ( 1976) i nd i c a t e d  an 
ave rage o f  6 . 6 1  a c t ive wo odchuck b urrows p e r  quadrat 
( Tab l e  1)  fo r a popu l a t ion e s t imat e of 8 1 4  an ima l s  for 
the C ad e s  Cove area and a dens i ty of 0 . 83 an i mals p e r  ha . 
Thi s p r o c e dure was repe at e d  du�ing the 1 97 7  se as on and 
an ave r a g e  of 14. 0 9 a c t ive  burrows p e r  p l ot re sul t e d  in  
1 9  
20 
Table 1. Number of burrow systems for each quadrat surveyed in Cades Cove, 
identified by location (see Figure 2 J page 13 j . 
1 9 7 6  1 9 7 7  1 9 7 8  
Plot Total Act.�ve Plot Total Act�ve Plot Total Act.�ve 
Number Burrows Burrows Number Burrows Burrows Number Burrows Burrows 
6. 4 3 3 5. 2 1 1  8 6,1 3 4 4 
7. 4 1 1  1 1  2 J 3 6 6 7,1 3 1 3  1 3  
7. 5 1 1  1 1  7. 4 16 16 5 J 5 7 7 
7 . 6 7 7 6 J 5 8 6 3 . 7 2 0 
7 J 7 7 7 4 J 6 1 5  12 6. 8 1 4  14 
4. 9 s 5 6. 6 14 14 11, 8 9 9 
6 J 9 8 8 7. 6 1 3  1 3  4 J 9 1 5  1 0  
9 . 9 1 1  1 1  4 J 8 27 1 6  s J 9 8 8 
4,1 0 1 0  8 1 1, 8 12 12 6 J 9 7 7 
8 ,10- s 5 6. 9 7 7 9 .  9 12 12 
1 0 ,1 0  s 4 7. 9 1 6  1 6  1 1, 9 1 1  1 1  
4,12 0 0 9. 9 21 21 1 1 ,1 0 6 5 
12,12 2 2 7,1 0 s s 3,12 3 2 
6,14 6 s 1 0 ,1 0 12 1 0  5 , 1 2  1 7  1 5  
5 ,1S 1 3  9 S,l2 1 7  1 5  6,12 1 1  1 1  
6,1S 6 6 8 ,1 2  1 8  1 4  8,12 1 8  1 5  
5,16 1 9  16 1 1 ,1 3 6 6 6,1 3 21 21 
1 1,1 7 5 4 6,14 IS 1 3  6,I4 9 7 
5 , 1 8  8 8 7 , 1 5  I2 1 1  9,I4 8 6 
6,I8 s s 3,I6 9 6 3,IS 2 2 
7,1 9 6 s 5,16 22 22 4,1 5 23 22 
7,20 2 2 9 ,1 7  1 9  IS 8 , 1 5  1 0  9 
1 0 ,20 1 0  1 0  1 1 , 1 7  I 3  12 S,1 6  3 2  3 2  
6,21 2 2 4,1 8  3 0  3 0  1 0 , 1 6  5 3 
1 0 ,22 9 9 8,1 8 1 9  I9 1 0,1 7 1 2  9 
6,23 6 6 4,1 9  20 1 8  6,1 8 s 5 
7,23 4 3 6,1 9 12 6 8,1 9 26 26 
9,23 7 7 1 0,20 1 5  lS 4,20 7 7 
11,23 10 1 0  8 ,21 30 3 0  8 ,21 2I 21 
6,24 1 0  1 0  7,22 3 7  3 1  7,23 3 3 
9 ,24 9 9 1 0 ,23 20 1 7  11,23 18 I8 
9,2S 2 2 8 ,25 I6 I2 8 ,24 1 0  8 
1 0 ,25 8 8 9 ,2S 16 16 1 0 ,24 1 9  1 7  
9,26 9 9 10,26 1 5  -14 
m 4'7"9" !'7"! 
X' "' 6 . 61 X' " 14 . 0 9 X' "' 1 0. 9 7 
an e s t imate of 1735 woo dchucks (1 . 7 8/h a) . The s e  e sti -
mat e s  indi c at e  a 113 % inc r e a s e in the popul at i on s ize 
o v e r  a p e ri o d  of one ye ar. A t h i r d  est imate c a r r i e d  
o ut dur i n g the 1 97 8  summer s e as on s howe d a 2 2 % d e c r e a s e  
in the popu l at i on .  An ave r age o f  1 0. 9 7 burrow s  p e r  
p l ot g ave a n  e st imat e d  1 3 5 1  woo dchucks ( 1 . 3 8 / h a) fo r the 
ent i r e  Cove ( Tab l e  1 )  . 
Ten i dent i c a l  p l ot s we re surve y e d  du r i n g  1 9 7 6  and 
1 9 7 7  and e i ght i d ent i c al p l ot s  dur i n g  1 9 7 7  an d 1 9 7 8  
( T ab l e s 2 and 3) . Although the p opu l at i on e st imat e  for 
1 9 7 7  exhib ite d  a 11 3 %  inc r e a s e  ove r 1 9 7 6 , only an 8 6 %  
popul at i on inc r e as e o c cur red on t h e  1 0  dup l i c at e  p l ot s . 
r 
H oweve r , f i gure s fo r ind ivi du a l  p l ot s  r e ve a l e d  that 
increa s e s  much g r e at e r  than 8 6 %  o c cur r e d  in  tho s e  fi e l ds 
that chan g e d  i n  us age  from p a stur e  t o  h ay . P l ot 9 , 2 5 
2 1  
reve a l e d  a 7 0 0 %  inc r e as e ,  p l ot 1 0 , 1 0 a 1 5 0 %  i n c r e a s e ,  and 
p l ot 6 , 1 4 a 1 6 0 %  incre as e in p opul at i on a ft e r  p a rt o r  a l l  
o f  the a r e a  was convert e d  t o  h ay pro duct i o n . 
A s imi l ar t rend o c curred du r i n g  the 1 9 7 7  and 1 9 7 8  
s urveys . Though a gene r a l  decre a s e o f  2 2 %  o c cu r r e d  i n  
t h e  popul at i on ,  only a 1 2 %  d e c r e a s e  was found i n  the 
e i ght i dent i c a l  p l ot s . I n c r e a s e s  fo l l owin g  c onve r s i o n  
t o  hay p r o duct i on o c curred in p l ot s  5,1 6  ( + 4 6 % )  an d 8 , 1 2  
(+ 7 % ) , e ve n  though an ove ra l l  de c r e as e o c cur r e d  i n  the 
popul at i o n . On the oth e r  h and, decr e ase s much g r e at e r  
than 12 % o c curred i n  fi e l ds i n  wh i ch c att l e  w e r e  
t 
T ab l e 2 .  Change s in l and u s e  a s s o c i a t e d  w i t h  p e rc en t a g e  
chan g e s  in  popul a t i on dens i t i e s  fo r p l o t s  
s urve y e d  i n  b o th 1 9 7 6  and 19 7 7 . 
2 2  
Pe r c en t a ge Change in P e r c e h t a�e Land U s e
a 
P l o t  Popul a t i o n  Den s i ty rg75 rg77 
5 , 1 6 + 3 7 . 5  l OO h  lOOp 
6 , 9 - 1 2 . 5  l OO h  lOOh 
6 , 1 4 + 1 6 0 . 0  8 5 p , l 5h 6 5 p , 3 5 h 
7 , 4 + 4 5 . 4  lOOh lO O h  
7 , 6 + 8 5 .  7 lOOp lOOh 
9 , 9 + 9 0 . 9  lOOh 2 0 p , 8 0 h 
9 , 2 5  + 7 0 0 , 0  lOOp 8 5 h , l 5 p 
1 0 , 1 0 + 1 5 0 . 0  2 0w , 8 0 p 2 0w , 8 0 h  
1 0 , 2 0 + 5 0 . 0  lO O h  lOOh 
1 1 , 1 7  + 2 0 0 . 0  4 0w , 6 0p 4 0w , 6 0p 
ah = hay f i e l d ,  p = p a s ture , w = wo o de d .  
T ab le 3 .  Chan g e s  in l and u s e  a s s o c i a t e d  w i th p e r c en t a g e  
change s i n  p opul a t i on dens i t i e s  f o r  p l o t s  
s urveye d i n  b o th 1 9 7 7  and 1 9 7 8 . 
P e rc en t age Chan ge in P e rc e n t a�e L and Us e a 
P l o t  Popul a t i on Dens i ty rg77 i�7S 
5 , 1 2  0 6 5 p , 3 5h 6 5 p , 3 5 h  
5 , 1 6  + 4 5 . 5  l O O p 1 5 p , 8 5 h 
6 , 9  0 l O Oh l O O h 
6 , 1 4 - 4 6 . 1  6 5 p , 3 5 h 8 5 p , 1 5 h 
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8 , 1 2  + 7 . 1  5 0 w , 5 0 p  5 Ow , 2 Op , 
3 0 h 
8 , 2 1  - 3 0 . 0  l O O h l O Op 
9 , 9 - 4 2 . 9  8 0 h , 2 0 p 8 0 h , 2 0p 
1 1 , 8  - 2 5 . 0  8 0h , 2 0w 8 0 h , 2 0w 
ah = hay f i e l d ,  p = p a s ture , w = wo o de d . 
int roduc e d  fo l l ow i n g  the 1 9 7 7  survey . A 30 % d e c l ine  
o c cur r e d  in  p l o t 8 , 2 1  wh i l e  a 4 6 % dec l in e  o c cur r e d  in  
p l o t  6 , 1 4 .  
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I n  gene r a l , de c r e a s e s  in dens i ty o c cur r e d  in f i e l d s 
swi tched from h ay p ro duct ion t o  c at t l e  g r a z i n g  whi l e  in ­
c r e as e s  o c cur red fo l l owing a swi t ch from p a s tur e t o  h ay .  
The ab o ve evi denc e s up p o r t s  the conc l u s i on that c omp e t i ­
t i o n  b e tween c at t l e  and wo o dchucks and the d i s t r ibut i on 
o f  hab i t at b y  the c at t l e  c au s e d  woo dchuc k s  to  l e ave a 
f i e l d when c a t t l e  w e r e  int roduc e d  and r e l o c a t e  in  newly 
op ened h ay fi e l d s . On nume rous o c c a s i on s , c at t l e  we re 
o b s e rve d p aw i n g  vi go rous ly at entrance mounds , s c r a t c h i n g  
the i r  h e ad s  on e n t r ance s ,  an d ro l l in g  in the d i r t  o f  the  
mounds . The s e  ac t ions  t ended to  b re ak down the entranc e s  
o f  t h e  bu rrows and may have c au s ed s u f fi c i ent s t re s s ,  
p romp t in g  the wo o d chucks t o  l e ave the a r e a  and re l oc a t e  
e l s ewhe r e . I n  addi t i on , i t  i s  fe l t  that comp e t i t i on for  
fo rage o c cu r r e d  b e tw e en the two animal s .  Thomp s on ( 1 9 7 1 )  
found t h at the s p e c i e s  o f  ve ge t at i on b r ows e d  b y  c a t t l e  
we r e  s im i l ar t o  the p r e ferred  s p e c i e s  ut i l i z e d  b y  wo o d ­
chucks , and t h a t  i n  o l d  f i e l d  h ab i t a t s  i n  Ken tucky a l l 
wo odchuck dens we re  ab andon e q  s o on a ft e r  c a t t l e  we r e  
i n t r o duc e d . H oweve r ,  in  g o o d  p a s tur e s  w i th h i gh l e gume 
c ontent , s ome woo dchuck s  remained fo l l ow in g  c at t l e  inva s i on . 
The ob s e rvat ion that wo odchucks t en d  to  l e ave ar e a s  
wh en c a t t l e  move in i s  sub s t ant i at e d  b y  wo o dchuck den s i t ie s  
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fo r l and u s e  typ e s  dur ing  1 9 7 6  but not  fo r 1 9 7 7  and 1 9 7 8  
( T ab l e  4 ) . P e rhap s , a s  dens i t i e s  ro s e , hayfi e l d s  b e c ame 
s a tur a t e d  c aus i n g  more wo o dchuck s t o  rema i n  i n  p a s tur e s  
i n  comp e t i t i on w i t h  c at t l e . Hende r s on and G i lb e rt ( 1 9 7 8 )  
found h i gh e r  dens i t i e s o c curring in h ay fi e l ds ( 8 . 4 / ha)  
t h an in p a s tu re s ( 4 . 7 / ha) , though the h i gh e s t  den s i t i e s  
we r e  found i n  b rushy fenc e rows ( 1 6 . 8 /ha) . Due t o  th e 
p a t chin e s s o f  b ru s hy are a s  in Cade s Cove , dens i t i e s  we r e  
n o t  c a l cu l at ed fo r th i s  type o f  hab i t at ; c ount s from 
b rushy ar e as were inc luded wi thin the hay f i e l d s  and 
p a s tur e s  in  wh ich b rush o ccurre d . Th i ck c o v e r  a l on g  
c r e ekbeds  w a s  found t o  s upport  many burrow s , p rov i d in g  
r e fuge s f o r  t h e  popu l a t i on .  H i gh dens i t ie s in  the s e  
are a s  w i t h i n  p as ture s may have e l eva t e d  dens i t i e s  enough 
t o  ob s cure l owe r p opul a t i on s  in the op en p a s ture s . 
Dur ing  1 9 7 6  and 1 9 7 8 , dens i t i e s  we r e  s i gn i fi c ant l y  
h i ghe r in  hayfi e l ds than i n  wo odl o t s ; but  durin g 1 9 7 7 , 
wh en the popul at i o n  r e ached i t s  h i ghe s t  l ev e l  for the 
three y e ar s , th e re was no di ffe renc e in the dens i t i e s  
b e twe en th e two a r e a s . Hend e r s on and G i l b e r t  ( 1 9 7 8 ) , 
working  in a h i gh dens i ty area  in C an ad a , a l s o  found no  
d i f fe r enc e i n  h ayf i e l ds ( 8 . 4 /ha)  and woo d l o t s  ( 8 . 8 /ha) . 
Th i s  indicat e s  that at h i gh dens i t i e s , wo o d chuc k s  move 
int o wo o d e d  a r e a s  ( p a r t icul arly a l ong the e d g e )  and 
c o nt inue t o  u t i l i z e  wint e r  hib e rnat i on bur rows dur in g 
the summe r .  
T ab l e  4 .  Comp a r i s on o f  me an dens i t i e s  o f  burrow s y s t ems 
in e ach l and - us e  typ e  fo r 1 9 7 6 , 1 9 7 7 , an d 1 9 7 8  
( Mann - Wh i tney U - t e s t , p < . O S ) . 
Y e a r  
1 9 7 6  
1 9 7 7  
1 9 7 8  
Woo d l o t s  
0 . 6 4 < 
2 . 7 9 
1 . 2 4 < 
Hay f i e l ds 
1 . 5 5 
2 . 4 7 
2. 1 1  
> 
< = s i gn i f i c an t l y  l e s s  than (p  < 0 . 0 5 ) .  
> = s i gn i fi c an t l y  g r e a t e r  t han (p  > 0 . 0 5 ) .  
= no t s i gn i f i c ant. 
P a s ture 
0. 8 4  
2 . 0 1  
2 . 0 1 
E ach y e a r , the  d i s t r ibut i o n  o f  b u rr ow s y s t ems f o r  
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t h e  en t i re Cove d i ffe r e d  s i gn i f i c an t ly from a P o i s s o n  
d i s t ribut i o n  and th e popu l at i on w a s  found t o  b e  ag g r e g at e d . 
C l u s t e r in g  o f  burrows in many a r e a s  h a s  b e en found t o  b e  
re l at e d  t o  s o i l  t exture  (Mo s s  1 9 4 0 , Cur r i e r  1 9 4 9 , Anthony 
1 9 6 2 ) . S i l t  l o am s o i l s  comp r i s e  ove r 8 0 %  o f  the s o i l s  in 
C a d e s  Cove mak i n g  i t  un l ik e ly that a g g r e g a t ions  w i th in t h e  
popu l at i on we re  c aus e d  by s o i l  t ex ture . We l l - drained  
s o i l s  and s t e e p  s l op e s  have a l s o  b e en found t o  be  p r ime 
fac t o r s  i n  b u rr ow l o c at i on ( G ri z z e l l  1 9 5 5 , Me r r i am 1 9 7 1 ) ; 
h oweve r ,  s in c e  the  Cove f l o o r  i s  f l at t hr o u ghout w i th 
l i t t l e  chan ge in t op o gr aphy an d the maj o r i ty o f  s o i l s  
are  we l l - dr a in e d , n e i the r fac t o r  accoun t s  for  c l us t e r in g  
o f  burrows . D e  Vo s an d G i l l e s p i e  ( 1 9 6 0 )  found t h a t  l and 
us e pr act i c e s  in fluenc e bur row l o c at i on . Ve ge t a t i on 
di fferenc e s , ground cover , and comp e t i t i on w i t h  c a t t l e  
con t r ibut e t o  the h i gh den s i t i e s  that o c cur r e d  i n  hay ­
fi e l ds and b ru s hy are as in C ade s Cove . Though dens i t i e s  
were  n o t  c a l cul a t ed fo r b rushy a r e as a l one , bur rows were  
o ft en l o c a t e d  in unmowe d areas  within hayfi e l ds and 
p a s ture and a l on g  c r e ekb e ds . 
Ano t h e r  re a s o n  gi ven fo r c l ump in g  i n  wo o d chuck 
popu l a t i on s  i s  the mutual a t t r a c t iven e s s that o c curs  
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amo n g  the wo o dchucks  ( Me r r i am 1 9 7 1 ) . S ome a r e as in  the 
Cove we re l i gh t l y  p opu l a t e d  wh i l e  othe r areas w i t h  s imi l ar 
s o i l  comp o s i t i on , ve g e t a t i on cove r , and l and us e were  mo r e  
den s e . B rons on ( 1 9 6 3 )  concluded that l o w  dens i ty group s 
had a much h i ghe r in t e ract ion rate  a s  we l l  a s  a g r ea t e r  
fr e quency o f  down - a l e rt b eh av i o r  and a l owe r frequency o f  
fo r aging  b e havi o r  than h i gh den s i ty g roup s . The l ow 
den s i t y  gr oup s app e a r e d  much mo re  aware  o f  the i r  ne i ghb o r s ' 
a c t i on s  and a g g r e s s i o n  l eve l s  were  h i gh ( 0 . 3 1 int e r ac t i ons  
per  hour o f  a c t i v i ty) , wh i l e  a l ow a g g re s s ion rat e o c cur r e d  
in h i gh dens i t y  g roup s ( 0 . 1 0 p e r  hour) . Tho s e  an ima l s  in  
h i gh d en s i ty areas  app ar ent ly take l i t t l e  no t i c e  of  one 
ano the r . Exp e r iment s conduc t e d  on vi sual  c on t a c t s  b e twe en 
wo o dchuck s ind i c a t e d  that fr e e - l iving an ima l s  de t e rmine 
the  p r e s ence  of o t h e r s  b y  p r ima r i ly us ing  v i s ua l  cue s  
( B a i l ey 1 9 6 5b ) . P enne d woo dchucks g i ve n  v i sual  c on t a c t  
exp e r i enc e d  we i gh t  g ain c l o s e ly r e s e mb l i n g  that  of  fre e -
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l i ving  an ima l s  wh i l e  tho s e  that were  vi su a l ly  i s o l a t e d  
exh ib i t e d  a s i gni f i c an t l y  l owe r gain . I n  add i t i on , the  
g r e a t e s t s im i l a r i ty in ac t i vi ty exh ib i t e d  b y  woodchucks 
wi th  vi sual  cont act o c cur r e d  in the s p r i n g  and e a r ly 
summer with s e a s on a l  chan g e s  in we i ght par a l l e l e d  c l o s e ly 
by chan g e s  in depo s i t e d  fat ( S nyder e t  al . 1 9 6 1 , Davi s 
1 9 6 7 a ,  1 9 6 7 b , 1 9 7 0 ) , a fact o r  cruc i a l fo r h ib e rnat i o n . 
B a s e d  on the s e  fac t s , a ggre gat i o n s  wi thin a popu l a ­
t i on app e ar t o  s t imu l a t e  we i gh t  gain and r e duc e a g g r e s s i ve 
encount e r s . Woo dchucks  are  b e t t e r f i t  and fo r a ge mo re  
e ff i c i en t l y  in c l o s e  a s s o c i a t i o n  with o t h e r wo odchuck s . 
Me r r i am ( 1 9 7 1 )  a t t ribut ed b eh avi o r a l l y - b a s e d  s p a t i a l  
c on t agi on t o  ve s t i g i al c o l on i a l i ty occurring  in t h e  wo o d ­
chuck . Othe r c l o s e ly r e l at e d  marmot s  have b e en found t o  
exhib i t  vary i n g  de gre e s  o f  c o l on i a l i ty w i t h  t h e  wo odchuck 
b e in g  the l e a s t s o c i a l  marmo t ( B ar a s h  1 9 7 4b ) . 
When h ab i t a t s w e r e  t e s t e d  indiv i dual ly (wo o dl o t s , 
hay f i e l d s , p a s tu r e ) , c l ump ing was found t o  o c cur on ly in 
the wo o d l ot s during 1 9 7 7  and 1 9 7 8 . I n  1 9 7 6  on l y  1 3 . 5 %  
o f  the s amp l e d  a r e a fe l l  in wo o d e d  a re as w i t h  4 4 %  o f  that 
area l o c at e d  w i t h i n  20  m of  the wo o d ' s  e d g e . A t o t a l  o f  
2 4 . 6 % o f  the s amp l e d  a r e a  in 1 9 7 7  was wo o d e d  w i t h  3 0 %  
l y in g i n  t h e  t rans i t i on z o ne whi l e  2 4 . 7 %  o f  th e quadr at s 
s amp l e d  wo o d s  in 1 9 7 8  w i t h  2 6 %  b e in g  e d g e . I n  1 9 7 8 , 6 7 %  
o f  the burrows in the  wo o d s  w e r e  in th i s  t r an s i t i on z one 
c o mp ar e d  to  6 3 %  in  1 9 7 7  and 8 8 %  in 1 9 7 6 . The h i gh 
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p e r c ent age o f  bur rows found a l ong the wo o d ' s  e dge i n  1 9 7 6  
i s  a re s u l t  o f  the  gre a t e r  p r o p o r t ion o f  a r e a  s amp l e d 
t h e r e . Hende r s on an d G i lb e r t  ( 1 9 7 8 )  found c l ump i n g  in 
wo o dl o t s  in On t ar i o  to be r e l a t e d  to the  l o c at i on o f  p i l e s  
o f  c ordwo o d  an d l o gs . Th i s  was found t o  b e  t rue in the 
Cove , but was l imi t e d  p r ima r i l y  t o  the  t r an s i t i on z on e . 
I n  addi t i on , the  ab undan c e  o f  c ove r (Mi c ro s t egi um and 
P o lygonum) in  that a r e a  app arent ly was a key fac t o r  in 
a t t r ac t in g  woodchuck s . Within hay fi e ld s  and p a s ture s , 
wo o dchu c k s  were d i s t r i but ed randomly . 
F i gure 3 i l lus t r a t e s  the  fre quency d i s t r ibut i on o f  
the numb e r  o f  bur row s y s t ems p e r  p l o t  fo r e ach ye ar . The 
popul at i o n  i n c r e a s e d  s i gn i fi can t ly from an e s t imat e d  8 1 4  
t o  1 7 3 5  woo dchuck s b e twe en the summe r s  o f  1 9 7 6  and 1 9 7 7  
( Mann -Wh i tney U - t e s t , p < 0 . 0 5 ) . The c a t t l e  he rd  i n  C a d e s  
Cove  h a d  b e en d e c r e as e d  by one - h a l f dur in g  t h e  s umme r o f  
1 9 7 6  ( H i g g i n s , p e r s on a l  commun i c a t i on )  and s ev e r a l  fi e l ds 
wh i ch we r e  chan g e d  from p a s t ure t o  hay p r o duc t i o n  fo r the 
fi r s t t ime i n  many years  ( Caugh ron , p e r s on a l  commun i c at i on) 
were found to s u s t a in the h i ghe s t  dens i t i e s  of wo o d chuc k s  
found in  the Cove dur in g  t h e  t h r e e  y e a r s  ( 4 . 0 /ha) . A s  
c omp e t i t i on w i t h  c at t l e  app e a r s  t o  b e  a fac t o r  in t h e  
r e gu l a t i on o f  the wo odchuck popul at i on in C a d e s  Cove , the  
de c l ine in t h e  c at t l e  numb e r s  opened up new are a s  fo r 
in c re a s e d  wood chuck exp ans ion . 
A s i gn i f i c an t  d e c r e a s e from an e s t imat e d  1 7 35 t o  
0 - 2  3 - 5  9 -1 1  1 2 -14 1 5 -17 
Number of Burrow Systems 
1 8 -20 21 - 23 
1 1 976 
1 1 977 
[] 1978 
24 - 26 27- 2 9  30 -32 
Fi gu re 3 .  Fre quency d i s t r ibut i o n  o f  t h e  numb e r  o f  b u r rows p e r  p l o t  i n  
C ade s Cove b y  y e a r . 
v-1 
0 
1 3 5 1  wo odchuck s o c curred in the popu l at i on b e twe en 1 9 7 7  
an d 1 9 7 8  ( Mann - Wh i t ney U - t e s t , p < 0. 0 5 ) . F i f t e en c a r ­
c a s s e s  we re  di s cove r e d  dur in g Jul y  and Au gus t ,  1 9 7 8  
c omp ared t o  two c a r c a s s e s  dur ing the s ame p e r i o d  the 
p r e vi ou s  y e a r . Ob s e rvat ion s by r e s e ar ch e r s  and rep o r t s  
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by farme r s , r an ge r s , and p ark vi s i t o r s , p o int  t o  inc r e a s e d  
p r e d a t i o n  b y  wi l d  d o g s  a s  a contribut ing  fac t o r . P r e dat i o n  
by o th e r  anima l s , s uch as  r e d  and gray foxe s , b ob c a t s , 
b e a r s , and h awks mo s t  c e r t a in ly o c cur re d , but  no evi dence  
p o in t s  t o  incre a s e d  p re dat i on b y  natural p re d a t o r s  fo r 
that  ye a r . 
S e v e r a l  r e s e a rch e r s  have remark e d  on b r e e ding  b y  
ye arl ing  woo dchuck s ( H ami l t on 1 9 3 4 , Snyder 1 9 6 2 , H ende rs on 
and G i l b e r t  1 9 7 8 ) , though in une xp l o i t e d  p o pu l at i on s , o n ly 
1 0 - 2 0 %  o f  the  ye a r l i n g  femal e s  or dinari ly b re e d  ( G ri z z e l l  
1 9 5 5 , S ny d e r  1 9 6 1 , 1 9 6 2 , D av i s  1 9 6 2 , Davi s e t  a l . 1 9 6 4 ) . 
The re fo re , the doub l in g  in popu l at ion s i z e  in C ade s Cove 
b e twe en 1 9 7 6  and 1 9 7 7 re s ul t ed in  a h i gh p ropo rt i on o f  
y e a r l i n g s  in the popu l at i on .  I f  only a sma l l p e r c en t a g e  
o f  tho s e  j uveni l e s  mat e d  i n  1 9 7 8 , natur a l  mo r t al i ty 
through the y e ar mi ght mo r e  than o f fs e t  r e p r o duc t i on , 
c au s ing a d e c l ine in  the popul a t i o n . I f  th i s  i s  the c as e ,  
the  popu l at i on s houl d s urge upward in 1 9 7 9 , whe n  the l ar g e  
cohort  o f  two - y e a r - o l ds b e g ins reproduc ing . On t h e  o t he r 
h an d , i f  c omp et i t i on wi th the c a t t l e  i s  the l imi t i n g  
factor , the p opu l at ion i n  1 9 7 7  may h a v e  inc r e a s e d  to  a 
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p o int ab ove wh ich i t  coul d e ff i c ient ly comp e t e , c au s in g  a 
de c l ine t o  o c cur in 1 9 7 8  to  a mo re s t ab l e  l ev e l .  I n  that  
c a s e ,  no  s i gn i fi c ant  chan ge s ho u l d  o c cur in  the popu l a ­
t i on i n  1 9 7 9 . 
Burrow D imens i on s  
The ave r a ge numb e r  o f  entrance s p e r  burrow , t h e  
ave rage  d i s t ance to t h e  ne are s t  act ive burrow , and the 
mound he i gh t  dec r e a s e d  s i gni f i c ant ly from 1 9 7 6 to 1 9 7 7  
wh i le t h e  mound di ame t e r  inc r e a s e d  ( T ab l e  5 ) . No  d i f fe r ­
e n c e  was  found in en trance diame t e r  and di s t an c e  t o  the  
neare s t  inac t ive  burrow . Comp ari s ons  o f  bur row dimens i on s  
b e tw e e n  1 9 7 7  and 1 9 7 8  reve a l e d  s i gn i f i c an t  inc re a s e s  in 
the  ave r a g e  numb e r  o f  en tranc e s  p e r  burrow , the numb e r  o f  
r e gu l ar e n t r an c e s  and the d i s t ance t o  an ac t i ve b u r r ow , 
wh i l e  no chan ge s  o c curred in the numb e r  o f  p l un ge 
entran c e s  p e r  burrow o r  in the di s t an c e  t o  an inac t ive 
burrow . I n  addi t i on , dimen s i ons  were  t ak en fo r p l unge 
and re gu l ar e n t r an c e s  du r i n g  the 1 9 7 7  s urvey and no 
di fferen c e s  w e r e  found b e tween the two ent ran c e  typ e s . 
O f  t h e  var i ab l e s  t ak en dur in g  a l l  three  y e ars , th e 
numb e r  o f  e n t r an c e s p e r  burrow was s hown t o  vary inve r s e l y  
w i t h  popul at i o n  s i z e . Burrows that are  ut i l i z e d  from 
ye ar  to y e a r  are no rma l l y  mo di fi e d  w i t h  the add i t i on o f  
new ent ranc e s  e ach y e ar (Me rr i am 1 9 7 1 ) , wh i l e  newly 
exc avat e d  burrows  norma l l y  have on ly one or two entranc e s  
( H amil t o n  1 9 3 4 , Me rr i am 1 9 7 1 , H ende r s o n and Gi l b e r t  1 9 7 8 ) . 
Tab l e  5 .  Comp a r i s on o f  me an s o f  b ur row d i me n s i on s  ( t - t e s t , p < 0 , 0 5 )  fo r w o o dchuc k s  
in C a d e s Cove , GSMN P . 
D i s t . t o  D i s t . t o  
Act i ve I na c t i ve Entrance  Mound Moun d No . o f  No . o f  
No . o f  Burrow Burrow D i ame t e r  H e i gh t  D i ame t e r  P l un g e  Re gul a r  
Y e a r  Ent r anc e s  ( m) ( m )  ( em)  ( em) ( em) E n t r an c e s  Ent ranc e s  
1 9 7 6 3 .  3 2 4 0 . 5 3 3 9 . 7 2 1 7 . 6 0 1 1 . 0 9 6 5 . 0 0 
* * n s  n s  * * 
1 9 7 7  2 .  8 5 3 1 . 1 9 4 0 . 6 3 1 8 . 0 1 5 . 7 0  7 3 . 7 8 1 .  2 8  1 .  5 4  
* * n s  n s  * 
1 9 7 8  3 . 2 6 4 0 . 3 3 5 6 . 2 5 1 . 1 5 2 . 1 6  
* p < o . o s .  
n s  = not s i gn i f i c an t . 
The r e fo re in an exp an ding p opul at i on , s uch a s  that found 
in  1 9 7 7 , burrows wou l d  be newly dug , w i t h  few ent r anc e s . 
Then in 1 9 7 8 , wh en the p opul at ion d e c l ine d , few new 
burrows we re r e qu i r e d  and new ent ranc e s  and tunn e l s 
w e r e  added to  ex i s t ing  s y s t ems . Mo s t  new ent ranc e s  we re 
re gu l ar entran c e s  wi th mounds , as  entran c e s  of t h i s typ e 
in c r e a s e d  s i gn i fi c an t l y  wh i l e  p lunge en t r an c e s  d i d  n o t  
chan ge . 
An inve r s e  re l at ion s h ip b e twe e n  pop u l a t i on s i z e  
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and the me an d i s t an c e  b e twe en act ive bur rows was a l s o  
s i gn i f i c an t  over three s umme r s  ( t - t e s t , p < 0 . 0 5 ) . An 
inc r e as e in burrow s y s t ems c aus e d  mo r e  c rowd e d  cond i t io n s  
and th e r e fo r e  l e s s  di s t ance b e twe en burrows . B ro n s on 
( 1 9 6 3 ,  1 9 6 4 )  me a s ur e d  dens i ty as the m e an d i s t an c e  b etwe en 
c en t e r s  o f  a c t iv i t y , d e fined as the p r imary b urrow s y s t em 
o f  an animal . As the d i s t ance b e twe en ac t i v i ty c en t e r s  
i s  n e g a t i v e l y  c o rr e l a t e d  w i t h  dens i t y , the  m e an di s t an c e  
b e tween burrows inc r e a s e d  when t h e  popu l at i on d e c re a s e d  
in  1 9 7 8 . 
Entran c e  d i me n s ions showe d no chan g e  from year t o  
y e ar , though moun d  d i ame t e rs  inc r e a s e d  from 1 9 7 6  to  1 9 7 7  
wh i l e  mound he i gh t s  d e c r e as ed . No r e a s on wa s ev i dent fo r 
th e s e change s .  
The l o c at ion o f  burrows in Cade s C ove s upp o r t s  the 
i d e a  that wa t e r  is not  a maj o r  concern . Many bur rows 
were found at d i s t ance s gre a t e r  than 2 0 0 m from a wat e r  
s o ur ce , wh i ch i s  a di s t an c e  grea t e r  than that usual l y  
t r ave rs e d  b y  wo odchuc ks ( Twiche l l  1 9 3 9 , d e  Vo s and 
G i l l e sp i e  1 9 6 0 , Me rri am 1 9 7 1 , Hend e r s on and G i l b e rt 
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1 9 7 8 ) . Many burr ows , howeve r , we r e  l o c at e d  d i r e c t l y  on 
cre e kb anks  whe re the abundance o f  c ov e r  and s h e l t e r , a l on g  
wi th the p re s e n c e  o f  s o ft s o i l s , s e eme d t o  b e  maj o r  fac t o r s. 
Oth e r  b urrows we r e  l o c a t e d  on emb ankmen t s  a l on g  the 
ro ad , indi cat in g that the ro ad s y s t em had l i t t l e  e f fe c t  on 
numbe r s  and di s t r ib u t ions  of  wo odchuc ks . Ox l e y et a l. 
( 1 9 7 4 )  c on c lud e d  that r o ads  had l i t t l e  in flue n c e  on mov e ­
me n t s  o f  woo dchucks  but that mort a l i t y d i d  inc r e a s e wi th 
inc r e as ing r o ad c l e ar anc e . As the L o op Ro a d  in Cade s 
Cove  i s  a s i n gl e - l an e d , one -way r o ad , mo r t a l i ty due t o  
c ar s  shou l d  b e  min i ma l . A t o t a l  o f  fo ur r o ad - k i l l e d  
wo o d chuc k s  w e r e  ob s e rved b y  the auth o r  dur in g the 1 4  mon t h s  
o f  s tudy ; t h e r eby i t  w a s  conc luded t h a t  t h e  r o a d  c aus e d  
minimal in t e r fe renc e . 
A t o t a l  o f  s even act ive bur rows and th r e e  in a c t i ve 
burrows w e re found und e r  b a rns  and bui l d in g s  in the Cove 
dur ing the  thr e e  s urvey s . One o f  the ina c t ive bur rows 
was found b e ne a th a h i s t o r i c al bu i l di n g  t h a t  was fre ­
quent ed  by  p ark vi s i t o r s , wh i l e  the s even a c t i ve b ur rows 
and the add i t i o n a l  two inac t i ve burrows w e r e  l oc a t e d  
b ene ath b arns u s e d  f o r  hay s t o rage . B e c au s e  s o  few 
burrows were found near bui l d ings , p a r t i cu l a r l y  tho s e  
v i s i t ed re gul a rl y ,  i t  i s  conc lud e d  that h i s t o r i c a l  
exh i b i t i on s  and v i s i t o r  u s age in the Cove  inhib i t e d  
c o l oni z a t i on b y  woo dchuc k s . 
Act i ve sy s t ems fo r e ach y e ar were group e d  ac c o r d ­
ing  to five hab i t a t  typ e s . Dur i ng 1 9 7 6 , the numb e r  o f  
ent ranc e s  p e r  burrow fo r h ay fi e l ds were  found t o  b e  
s i gn i fi c an t l y  g r e at e r  than fo r tho s e  l o c at e d  in  p a s tur e s  
( Tab l e  6 ) . N o  di fferenc e s  w e r e  found i n  e n t r anc e o r  
mound di ame t e rs o r  i n  mound he ight among h ab i t at t yp e s . 
The numb e r  o f  t o t a l  ent rance s p e r  burrow a s  we l l  a s  the 
numb e r  o f  p lunge en t ranc e s  per burrow in 1 9 7 7  was  s i g ­
n i f i can t l y  l e s s  fo r burrows l o c a t e d  i n  wo o d e d  a r e a s  than 
for  a l l  o t h e r  h ab i t a t s  wh i l e  no di fferen c e  was  found in 
the numb e r  o f  main entranc e s . The s e  burrows had  few 
ent r anc e s  ( X = 1 . 9 ) wh i ch by ne c e s s i ty , we re  m a i n  
ent r an c e s . Ent r an c e  d i ame t e r s  w e r e  found t o  b e  g r e a t e r  
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i n  hayf i e l d s  and b ru s hy areas  than i n  p a s tu r e s and wo o d s  
wh i l e  mound h e i gh t s  we r e  gre a t e r  in  wo o d s  than tho s e  i n  
b rush , h ay fi e l d s , and p a s ture . Mound d i ame t e r s  we r e  
s im i l ar i n  a l l  h ab i t at s . The burrows l o c at ed in  p a s ture 
had the mo s t  e n t r an c e s  p e r  burrow in 1 9 7 8 , and b ur r ows in 
hay fi e l ds h ad mo re  than tho s e  in wo o d s . Bur rows in 
p as ture s al s o  had a g r e at e r  numb e r  o f  b o th main and p l unge 
en t r anc e s  than any other h ab i tat typ e . No o the r d i ffe r ­
enc e s  wer e found in the numb er  o f  ma in ent r an c e s  wh i l e  
mo re  p l un ge en t r anc e s  were  found p e r  burrow in  hay fi e l ds 
than in b ru s h  and woo ds . 
Tab l e  6 .  C o mp a r i s o n  o f  b urr01v dime n s i on s  by h a b i  t at a 
for 1 9 7 6 , 1 9 7 7 , and 1 9 7 8 . 
Burrow D imens i ons Means o f  Burrow D imens i ons 
No . of ent ranc e s  
Entrance diame t e r  ( em) 
Mound he i gh t  ( em) 
Mound diame t e r  ( em) 
No . of entranc e s  
No . o f  main entranc e s  
No . o f  p lunge entrances 
Entrance diameter ( em) 
Mound he ight ( em) 
�lound diame t e r  ( em) 
1 9 7 6  
3 . 7 3 
(H) 
1 8 . 4 4 
(Br)  
1 4 . 1 8 
(W) 
6 6 , 6 8 
(H) 
1 9 7 7  
5 . 0 0 
(Bg) 
2 . 0 0  
CBS') 
3 . 0 0 
(Bg) 
1 8 . 4 8 
(H) 
7 . 0 1 
(W) 
7 8 . 2 7 
(W) 
1 9 7 8  
No . o f  en t r ances 4 , 0 8  
.J.!:L 
No . o f  main ent r ances 2 . 5 0 
_ill_ 
No . o f  plunge ent r ances 1 . 7 9 
.J.!:L 
3 . 0 0  
(W) 
1 7 . 9 8 
(H) 
1 2 . 1 4 
( B r )  
6 4 . 8 6 
(W) 
3 . 4 2 
(H) 
1 .  6 5  
(H) 
1 .} 8  
(H) 
1 8 . 1 8 
(B r )  
7 . 0 0 
(Bg) 
7 2 . 8 0 
(P) 
3 . 1 9 
(H) 
2 . 0 4 
(H) 
1 .  0 3  
(H) 
2 . 8 8 
( B r) 
1 7 . 8 3  
(W) 
1 1 . 9 7  
(P) 
6 3 . 5 3 
( P) 
2 . 9 9 
(P) 
1 .  5 2  
(B r) 
1 .  5 6  
(P) 
1 7 . 9 0 
(Bg) 
5 . 5 2 
(Br)  
7 2 . 1 4 
(B r) 
3 . 0 0  
(Bg) 
2 . 0 0 
(Bg) 
1 .  0 0  
(Bg) 
2 . 8 6 
(P) b 
1 6 . 8 6 
(P) 
1 0 . 0 2  
(H) 
5 6 , 6 0 
(Br) 
2 . 7 7 
(Br) 
1 .  4 9  
(W) 
1 . 1 2 
(B r) 
1 7 . 4 1 
(W) 
5 . 3 8 
(H) 
7 1 . 9 2  
(H) 
2 . 7 3 
(B r) 
1 .  9 2  
(B r) 
0 . 4 5 
(Br)  
1 .  9 5  
i!L 
1 .  4 0  
(P) 
0 . 4 7  
� 
1 7 . 0 5  
(P)  
4 . 4 6 
(P )  
6 5 . 0 0 
( Bg) 
2 . 2 6 
(W) 
1 .  7 4  
(W) 
0 . 4 1  
(W) 
aounc an Hul t ip 1 e  Ran ge Te s t ,  p <  . O S ,  H = hayf i e l d s , 
P z pas ture , W = wo odlo t s , B r  = brus h , B g  = buildin g .  
bunde r s c oring deno t e s  no s i gn i f i c ant di fferences 
b e tween c o nn e c t e d  numbe rs . 
- 7  j ,  
3 8  
No t r ends d e ve l o p e d  in b ur r ow d imen s i o n s  amon g  the 
var i ous hab i t at s . The numb e r  of tot al ent ranc e s  p e r  
b u rrow was gre a t e r  for h ay fi e l d s  than f o r  p a s ture dur in g  
19 76 . The fo l l owin g y e a r , bur rows in wooded  a r e a s  h a d  
fewe r entranc e s  than i n  e i the r hayfi e l d s  o r  p as t ure and 
dur i n g  t h e  th i rd ye a r , mo r e  ent ran c e s  p e r  burrow we r e  
found i n  p a s ture than i n  h ayfi e l d s  wh i c h  h a d  mo r e  than 
tho s e  in  wo o d s . The s ame  app arent random chang e s  o c cu r r e d  
in o t h e r  d imen s i on s . 
The ave r a g e  numb e r  o f  entranc e s  found p e r  ye a r  
( 3 . 3 2 ,  2 . 8 5 ,  3 . 26 )  i s  s l i gh t l y  h i ghe r than t h e  2 . 8  
ent ranc e s  rep o rt e d  b y  Tw i ch e l l  (19 3 9 )  and the 2 . 9 8 
e n t r anc e s  foun d  by Me r r i am (19 71) wh i l e  e n t ran c e  d i ame t e r s  
o f  1 7 . 6 em and 18 . 0  em f a l l within the 10 . 5  t o  3 4 . 0  em 
w i dt h s  r ep o r t e d  b y  G r i z z e l l  (19 5 5 ) . G r i z z e l l  found that 
p l un ge h o l e s  we r e  typ i c a l ly sma l l er than ma i n  ent ranc e s , 
a find i n g  n o t  s upp o r t e d  by the p r e s ent s tudy . 
S o i l  Ana lys i s  
B urrow l oc a t i on s  h ave b e en found t o  b e  c l o s e ly 
a s s oc i a t e d  w i t h  s o i l  t extur e s  such a s  s andy l o ams (Mo s s  
19 4 0 ) , fine s andy l o am s  ( Curr i e r  19 4 9 ) , and s i l t  l o ams 
( Anthony 196 2 ) . I n  the p r e s ent s tudy , b u rrows w e r e  
l o c a t e d  p re dominan t l y  i n  areas  with s i l t  l o am s o i l s  
( T ab l e  7 ) . Th i s  s o i l  type make s up app r o x imat e ly 8 0 %  o f  
the  so i l s  found i n  C ad e s  Cove ( E l d e r  e t  a l . 1 9 5 9 ) . 
T ab l e  7 .  F r e quen cy d i s t � i b u t i o n fo r b u r r ows l o c a t e d 1n 
s o i l s o f  v a ry i n g  t ex t u r e s . 
P e r c ent  
S1lt Sllty S1lty F1ne � t o ny 
� q  .) -· 
Y e a r  L o am C l ay L o am L o am L o am S an dy L o am C o l luv i al 
1 9 7 6  7 9 . 0  4 . 1  1 2 . 8  0 .  0 2 .  7 1 . 4  
1 9 7 7  8 1 . 9  3 . 9  7 . 2  2 .  3 2 .  4 2 . 3  
1 9 7 8  8 7 . 8 5 .  7 3 .  0 0 .  0 2 .  0 1 . 5  
We l l - dr a in e d  s o i l s  are a l s o  a p r ime fac t o r  d e t e rm i n in g  
burrow l o c at i on ( G ri z z e l l  1 9 5 5 , Me rri am 1 9 7 1 ) . The l o c a t i on 
o f  burrows in Cades  Cove s up po rt s  that hyp o the s i s ( T ab l e  8 ) , 
though a g a i n , we l l - dr a in e d  s o i l s  are p r e dominant in the Cove . 
Tab l e  8 .  F r e quency d i s t ribut i on o f  s o i l  drainage c l as s e s 
f o r  burrow sy s t ems in Cad e s  Cove . 
P e rcent 
Moder at ely Imp e rfe c tly Po o rly 
Y e ar W-e l l - Drained Drained Drained Drained 
1 9 7 6  7 7 . 4  1 0  . .  1 1 0 . 6  1 . 9  
1 9 7 7  8 2 . 5  8 .  7 5 .  2 3 . 6 
1 9 7 8  7 5 . 3  1 3 . 3  7 .  2 4 . 2  
I I .  B EHAV I O RAL fu"JAL Y S  I S  
S e a s onal an d D a i ly E ffe c t s  on Ac t i v i t y  
4 0  
E ffec t s  o f  t ime o f  ye ar w e r e  no t e d in b o th t o t al 
ac t i vi ty and in fr equenc i e s  o f  d i ffer ent b e hav i o r s . The 
me an numb e r  o f  woo dchucks ob s e rved p e r  hour by month 
i l l u s t r at e s  the changing ac t i vi ty l eve l s  through out the 
year ( Fi gure 4 ) , r e f l e c t in g  the p opul at ion dens i ty o f  
non - h i b e rnat ing wo o dchucks , as  we l l  as  the act i v i ty l eve l s  
o f  indivi dua l s . N o  woo dchucks were o b s e rve d dur i n g  t h e  
month o f  January ; howeve r ,  s i gns o f  ac t i vi ty s u c h  a s  
tracks , f e c a l  matt e r , a n d  c l eared  entr anc e s  we r e  found . 
Linz ey and L inz ey ( 1 9 7 1 ) r ep o rt e d  s i g ht in g s  throughout the 
y e a r  in the P ark , though the animal s  w e r e  r a r e l y  s e en in 
extr eme l y  c o l d  we ath e r . The s e  s i gn s  and s i ghtin g s  o f  wo o d ­
chucks o n  s unny days in January ind i c a t e  that the anima l s  
may arou s e o c c as i on a l ly during h ib e rnat i o n  i n  o r d e r  t o  
d e f e c a t e . I t  i s  we l l  known that h ib e rn a t i n g  an ima l s  
awaken p e r i o d i c a l l y  when t he byp r o duc t s  o f  me t ab o l i s m  
b ui l d  up in the i r  b c d i e s  t o  n e ar t o x i c  l e ve l s . A few 
de e p  b re aths  o f  f=e s h  a i r  and an i nc r e a s e  in k i dney func ­
t i on a l l ow the b l o o d  chemi s t ry t o  return t o  no rm a l  h ome.o ­
s t at i c  l eve l s  (Mro s ov s ky 1 9 7 1 , Ke l s ey 1 9 7 8 ) . 
The me an numb e r  o f  wo o dchucks ob s e rv e d  p e r  hour 
inc r e as e d  rap i d l y  in  Feb ruary and March as  adul t s , th en 
j uv en i l e s , eme rge d from h i b e rn at ion . The p ro p o rt i on o f  
. fo rag in g  that  o c cu r r e d  in Feb ruary was much l owe r than 
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F i gu re 4 .  Comp a r i s on b e tw e e n  the me an numb e r  o f  w o od chucks ob s e rv e d  p e r  
hour b y  month i n  Cade s Cove , GS�W P  ( p r e s ent s tu dy ) , and s ou t h c en t r a l  Penn s y l van i a  
( fr om B r on s on 1 9 6 4 ) . 
.j:>. 
....... 
t h a t  wh i c h  o c curred in the s ub s equent months ( T ab l e  9 ) , 
du e to t he fact that  l i t t l e  fe e ding  t ak e s  p l ac e  in the 
fi rs t two t o  thre e weeks fo l l owing h i b e rnat i on ( Snyde r 
and Chr i s t i an 1 9 6 0 ) . Add i t i onal inc r e a s e s  i n  ac t i vi ty 
in  Mar ch and Ap r i l  we re a r e s u l t  o f  inc r e a s e d  act i v i ty 
p e r  ind ivi dual  as  foraging b e c ame the ma j o r  a c t i v i ty . 
Young o f  the y e a r  were f i r s t ob s e rve d eme r g i n g  from 
4 2  
the i r  n a t a l  burrows i n  l at e  Ap r i l  and app e are d i n  in ­
c r e a s ing numb e r s  in May . D i s p e rs al  o f  the youn g  o c curred  
in  l at e  May and June , c aus ing a surge in p opu l at ion 
den s i ty and the  h i gh e s t  l e ve l s  o f  act ivi ty fo r the ye ar 
( F i gure 4 ) . Act i v i ty l eve l s  d e c l ine d in Ju ly and Augu s t  
a s  j uven i l e s  may h ave d i s p e r s e d  out s i d e  o f  the ob s e rved 
a r e a s  the reby l owering  the  p op u l a t i on . S nyder ( 1 9 6 1 , 
1 9 6 2 )  and Arm i t age ( 1 9 6 5 ) have do cument ed th a t  j uven i l e s  
are  of ten fo rce d t o  d i s p e r s e  out o f  the are a i n  wh i ch 
they were b o rn ,  a mechani sm tha t p revent s ove rp opu l at i on .  
Other  y oung had undoub t e dly l o c a t ed home burrows  and we re  
l e s s  vi s ib l e . Fora gin g const i tuted a re l a t ively l ow p r o ­
p o rt i on o f  a c t iv i ty during the s e  mon ths , ind i c at i n g  
l ow e r e d  f o r a g i n g  p re s su r e s  due to t h e  r e a d i l y  ava i l ab l e  
fo o d  sup p l y  ( T ab l e  9 )  . 
A s e cond p e ak in me an act ivity o c cu r r e d  in  S ep t emb e r  
and O c t ob e r  and w a s  l ik e ly a r e s u l t  o f  inc r e a s e d  indiv i dual 
a c t ivi ty . The p r op o r t i on of for a g ing  inc r e a s e d  in  S e p t emb e r  
c on t r i b u t i n g  t o  i nc r e a s e d  fat accumu l a t i on ,  a ph enomenon 
43 
T ab l e  9 .  F r e quency d i s t r i but i on of b eh avi o r s  exhib i t e d  
b y  woo dchuc k s  i n  Cades  Cove , GSMN P , b y  month . a 
Mon thb 
Jan .nt 
F e b . * 
March*  
Ap r i l *  
May * 
Jun e *  
Jul y *  
Aug . *  
S e p t . *  
O c t . * 
N o v  ,nt 
D e c .nt 
N o . o f  
Ob s e r -
vat i ons  
P e r  
Mon t h  
6 0  
1 1 7  
2 1 1  
5 2 6  
6 3 0  
5 0 0  
7 8 9  
7 0 6  
6 2 2  
4 3 0 
3 8 4  
1 3 2  
Up - Down -
Al e rt Al e rt 
0 0 
1 . 1 2 4 0 . 9 0 
1 .  6 9  2 8 . 6 9 
4 . 2 8 3 4 . 7 4 
8 . 7 1 3 1 . 6 6 
1 4 . 8 5 2 9 . 4 3 
3 4 . 0 2  2 2 .  2 3 
3 6 . 3 0 9 . 3 8 
2 3 . 2 2 2 0 . 4 0 
2 6 . 7 9 2 7 . 9 1 
1 7 . 5 6 3 0 . 6 4 
0 4 1 . 8 6 
P e r c e n t  
Fo rag - Re s t - Travel -
i n g  1 n g  i n g  Mi s c . 
0 0 0 0 
4 6 . 2 9 2 .  7 0  5 . 8 4 3 . 1 5 
6 4 . 9 1 0 . 3 8 2 .  5 7  1 .  7 6  
5 5 . 7 5 0 . 7 9 3 . 0 1 1 .  4 3  
5 1 . 2 7 0 . 8 4 2 . 7 3  4 . 7 0 
5 2 . 3 3 0 . 3 1 1 .  8 4  1 .  2 3  
4 0 . 0 7 0 . 8 1 0 . 9 5 1 .  9 2  
5 0 . 7 5 1 .  3 4  0 . 9 4 1 .  2 9  
5 4 . 1 8 0 . 1 4 1 .  4 7 0 . 5 9 
4 2 . 5 8 0 . 3 3 1 .  3 8  1 .  0 1  
4 8 . 2 0  0 . 3 7 1 .  4 5  1 .  7 8  
5 5 . 8 1 0 2 . 3 3 0 
aThe  d i s t r ibut ion for e ach month w a s  t e s t e d  fo r 
h omo ge n e i ty w i th the s uc c eeding month ( Ch i  S quare  T e s t  fo r 
G o o dne s s  o f  F i t , p < 0 . 0 5 ) , The b eh avi o r  o f  e ach woo d chuck 
ob s e rve d dur i n g  a s c an s urvey was r e c o rd e d  as that b eh av i o r  
ob s e rv e d  when f i r s t  ob s e rv e d . 
b nt = s amp l e  s i z e  o f  an ima l s  o b s e rve d was t o o  sma l l  
t o  b e  t e s t e d ; * = p < 0 . 0 5 ,  
4 4  
docume n t e d  b y  B a i l ey ( 1 9 6 5 a ) and Dav i s  ( 1 9 6 7 a ) . F o o d  
c o n s ump t ion and we i gh t  g a in by wo odchu ck s h a v e  b e en s h own 
t o  inc r e a s e  in l a t e  au tumn (B a i l ey and Dav i s  1 9 6 5 , Fal l 
1 9 7 1 ) . D �v i s ( 1 9 7 1 )  and Dav i s  and F inn i e  ( 1 9 7 5 )  demon ­
s t r a t e d  an endo genous c i rc annual rhyt hm o f  fo o d  intake 
wh i ch accoun t s  for the s e  inc r e a s e s . 
Act i v i ty de c l in e d  rap i dly aft e r  O c t o b e r  as  popul a ­
t i on dens ity d e c r e a s e d  du e t o  mo r t a l i ty ,  the  foo d sup p l y  
b e c ame l i mi t ed , and wo o dchuc ks ente r e d  h i b e rnat i on . A 
d e c r e a s e  in fo r a g in g  h a s  b e en found t o  o c cur two t o  th r e e  
we eks p r i or t o  h i b e rn a t i on ( B arash 1 9 7 6 ) , wh i ch e xp l a ins  
the  d e c l ine in the frequency of  fo r a g i n g  i n  Oc t ob e r  and 
Novemb e r  ( Tab l e  9 ) . By mi d - D e c emb e r , ac t iv i ty was  
s p o r ad i c  and min imal ( F i gure 4 ) . 
An ac t iv i ty p a t t ern rep o r t e d  b y  B r on s on ( 1 9 6 2 )  fo r 
s ou th - c en t r a l  P enns y l van i a  fo l l ows  a s imi l ar s ch e du l e  
though o ffs e t  b y  o n e  month due t o  l at e r eme r ge n c e  from 
h i b e rnat i on ( F i gure 4 ) . - He a t t r ib ut e d  a d e c r e a s e  th at 
o c cur r e d  in May t o  ve ge t a t i onal  inte r fe rence on v i s i ­
b i l i ty ,  a fac t o r  that was mi nima l  in the p r e s e n t  s tudy . 
S im i l a r  p e ak s  o ccur r e d  dur in g  j uveni l e  d i s p e r s a l , though 
a ga in a month s ep a ra t e s  the two s tud i e s . The l ack of a 
s ec ond p e ak i n  the Penn s y l van i a  cyc l e  i s  l ik e ly due t o  
t h e  s ho r t e r  growi n g  s e as on and to the on s e t  o f  h ib e rn a ­
t i on a t  an ear l i e r  t ime ( app rox imat e l y  o n e  month) . 
The me an numb e r  o f  wo odchucks  o b s e rve d p e r  hour by  
4 5  
s e ason i l lu s t r a t e s  that the great e s t  inc r e as e o c cur re d in 
the s p r in g wh en th e adul t s  eme rged  from h ib e rnat i on and 
the young f i r s t app e ared . Th i s  in cre as e cont inued 
through the summ e r  a s  youn g  eme r g e d  in g r e a t e r  numb e rs 
and d i s p e r s e d  i n t o  the p o pul at ion . Ac t i v i t y  r e ache d a 
p e ak in  the fa l l  as  f o r a g in g  inc r e a s e d ,  t h e n  d ropp e d  
rap i d ly to  the l ow l eve l s  found i n  win t e r  ( F i gure 5 ) . 
The s e a s on a l  d ivi s i o n s  we re  d e t e rm i n e d  indep endent l y  o f  
woodchuck act i v i ty an d we re  s e t acco rdin g to  v e g e t at i on a l  
deve l op men t , b re e d in g b ehavio r ,  and d i s p e rs a l  o f  youn g . 
D i vi s ions  o c curr e d  in m i d - Feb ruary , mid - May , mi d -
S e p t emb e r , and mi d - Novemb e r , d e l i n e a t i n g  th e b e g inn ings 
of  s p r in g , s umme r ,  fal l , and wint e r , r e s p e ct ive l y . The s e  
div i s i o n s  we r e  us e d  in a l l s e as on a l  an alys e s . 
The d i s t r ib ut ion o f  b ehav io r s  for e ach s e as on was 
foun d  t o  d i f f e r  s i gn i fi c ant l y  from al l o the r s e a s on s  
( T ab l e  1 0 ) . F o r a ging  w a s  t h e  dominan t  b eh av i o r  dur ing  
the s p r in g , o c curring 5 6 . 5 % o f  the  t ime ; it  then dropp e d  
t o  a r e l at i ve l y  c on s t an t  4 8 %  f o r  t h e  summe r ,  fa l l , and 
winte r .  A s t at e o f  a l e rtne s s  was found to rep r e s ent 
inte r rup t i on s  of  ong o i n g  fo ra g in g  b ehavi o r , and the r e fo r e  
wou l d  b e  exp e c t e d t o  chan ge inve r s e ly i n  p rop o rt i on t o  
' 
f o r a g ing . Th i s  cond i t i on was found to ex i s t  a s  the  
fre quency o f  al e r t ne s s  was l owe s t  in  the  s p r in g  ( 3 7 . 7 % )  
when the frequency o f  forag ing was  h i gh e s t . Dur in g the 
summe r , fal l , and win t e r , al ertne s s  var i e d  m o r e  than 
... 
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Winter Spr ing Summer Fa l l  Winter 
F i gu r e  5 . M e an numb e r  o f  woo dchucks ob s e rve d p e r  h our b y  s e a s o n i n  
C a d e s  Cove , GSMN P . 
T a b l e  1 0 . To t a l  numb e r s o f  woo dchuck s ob s e rve d i n  e a ch b eh av i o r  c a t e g o ry and th e 
ave r a g e  p r op o r t i on o f  t i me d e vo t e d  t o  e ach b y  s e a s on . a 
S e a s on Up - Al e r t Down - Al e r t  Fo r a g i n g  Re s t i n g  Trave l i n g  M i s c . T o t a l  
-
S p r i n g  3 8 3  2 6 0 7  4 5 2 9  6 3  2 2 8  1 5 1  
{/) 
� 
u Summer 4 4 1 3  3 9 0 6  8 5 0 0  1 2 5  2 5 6 3 7 3  .-i ;:l  
ctl �  
� u 
F a l l  2 6 8 5  2 6 9 8  5 2 5 5  2 7  1 5 1  9 2  O 'U  
f:--! 0 
0 
:s: W i n t e r 1 5  2 6 7  3 2 8  1 2  2 9  2 5  
P e r c e n t  
{/) 
� S p r i n g  4 . 8 1 3 2 . 7 5 5 6 . 8 9 0 . 7 9 2 . 8 6 1 .  9 0  0 
·r-i 
�J 





F a l l 2 4 . 6 2 2 4 . 7 3  4 8 . 1 8 0 . 2 5 1 .  3 8  0 . 8 4 
0.. 
W i n t e r  2 .  2 2 3 9 . 5 0 4 8 . 5 2 1 .  7 8  4 . 2 9 3 . 7 0  
aThe d i s t r ibut i on o f  b e h av i o r s  fo r e ach s e a s on d i ffe r s  from e ve ry o t h e r 
s e a s on ; p < 0 . 0 5 .  
7 9 6 1  
1 7 5 7 3  
1 0 9 0 8  
6 7 6  
.p.. 
--..1 
4 8  
fo r a ging due to  incre as e s  in the mino r c a t e go r i e s : re s t ­
ing , t r ave l i n g , and m i s c e l l aneous . 
D i v i ding a l e r tne s s  into it s two comp onent s o f  
up - al e rt and down - a l e rt reve a l s  that up - a l e r t  was v e ry 
l ow fo r w i n t e r  and s p r in g  and was n e a r l y  e qual  t o  down ­
a l e rt dur i n g  the  summ e r  and fal l . The f r e quency o f  up ­
a l e r t  inc r e a s e d  as the  d ay s  grew l onge r and t he hay in 
the  fi e l d s  grew t a l l e r . S ev e r a l  wo o d chuc k s  re s o r t e d  to  
c l imb in g fen c ep o s t s  and t re e  s tump s  f o r  us e as l o o k - out 
p o s t s , an a c t i v i ty that contribut e d  to  the m i s c e l l aneous 
c a t e go ry in t he s umme r and fal l . Fo l l owing hayin g op e r a ­
t i ons in  e a r l y  Jun e  and m i d - Augus t ,  t h e  fre quency o f  up ­
a l e r t  d e c l ine d . A l e rtne s s , in  g en e r a l , was g r e at e s t  in 
the summe r and fal l  as  the woodchucks  had to e x e r t  m o r e  
ene r gy t o  main t a i n  a watchful  e y e  o n  the i r  surroundin g s . 
The in t e r fe r enc e o f  ve ge t at i on on ob s e rv a t i on s  was k ep t  
t o  a min imum b y  di s r e garding tho s e  whe re in t e r fe r ence 
was a maj o r  fac t o r .  The p r ac t i c e  o f  cut t in g  t he hay 
twi c e  dur in g  the s umme r by the l e as e e  a i d e d  in  m i n imi z in g  
int e rf e r enc e .  
Ano the r n o t ab l e  change in frequency o c cur r e d  in 
the amoun t  o f  movement b e twe en burr ow sy s t ems . Though 
f a i r l y  c on s t ant  for mo s t  of the ye a r , t r av e l in g  mo r e  
than doub l ed dur in g  the s p r in g .  No mating  was ob s e rve d , 
b u t  it  i s  l ik e l y  that the s e  movement s  were  a r e s u l t  o f  
mal e s  s e arching f o r  s u i t ab l e  mat e s . S choonmak e r  ( 1 9 6 6 ) 
s t ated  th at in the s p r in g  the mal e s  may cover a l arge  
area in s e arch o f  ma t e s ,  wh i l e  the  femal e s  remain near 
the i r  d ens . 
Re s t in g  b e hav i o r  was con s t ant for  s p r ing and 
summer ( 0 . 7 0 and 0 . 71) but de c re a s ed  dur ing the fa l l , 
p o s s ib l y due t o  incre a s e d  fo raging p r e s sure s . Dur ing 
the win t e r , howeve r , t ime sp ent re s t ing was much hi gh e r  
a s  w o o dchuck s may have arou s e d  from h ib e rnat ion an d 
s unned them s e lve s on the i r  mounds on warm win t e r  day s . 
Mi s c e l l aneous b ehav i o r s  we r e  exh i b i t e d  more o ft en 
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during the winter  than dur ing any o ther s e a s on .  A b r e ak ­
down in t o  the �omp onent b ehav i o r s  i l lu s t ra t e s  that b urrow 
maint enance comp r i s e d  mo s t  o f  th i s  cat e go ry ( T ab l e  11) . 
Tab l e  11 . S e a s onal frequency di s t r ibutions  o f  the five 
component s  o f  the mi s c e l l aneous b ehav i o r  
c at e go ry .  
Percent 
Bur row So c 1 al Fence 
Ma inte - Inte r - C l imb -
S e as on N nan c e  Grooming ac t i ons  Agon i s t i c  ing 
Spr ing 16 5 0 . 0 9 0 . 4 8 1 .  0 3  0 . 21 0 . 0 4 
Summer 3 7 3  0 . 0 2 0 . 1 0  0 . 0 5 0 . 06 0 . 1 7  
F a l l  9 2  0 . 2 5 0 . 11 0 . 0 9 0 . 1 4  0 . 1 2  
Winter 11 2 . 0 0 0 . 4 4 0 . 5 9 0 . 5 9 0 
N = the numb e r  o f  an imal s ob s e rve d e xh i b i t in g  the 
f ive mi s c e l l aneou s  b ehav i o rs . 
Bundl es o f  d r i e d  gr a s s  were c o l l e c t e d  and c ar r i e d  in t o  
t h e  burrow and we r e  p r ob ab ly u s e d  a s  ne s t ing  mat e r ial . 
Twi che l l  ( 1 9 3 9 )  do cumen t e d  the use  o f  l e av e s  and g r a s s 
s o  
i n  h ib e rnat i on ne s t s . Bur row maint enanc e may a l s o  
i nclude the removal o f  d i r t  and deb r i s  from the burrow , 
and though i t  was  s e l dom o b s e rve d , s i gn s  o f  thi s ac t i v i ty 
we r e  common throughout the y e ar . 
Th e mo s t  frequ ent mi s c e l l an e ous b e havi o r  in the  
s p r i n g  was  s o c i al i n t e r act i on . E a r l y  in the  s p ring , 
ma l e s  and fema l e s mate  and may cohab i t  a s in g l e  burrow 
unt i l  p r i o r  to b i rt h  of the young when the m a l e  is  
d r i ven out ( B rons on 1 9 6 4 , S cho onmak e r  1 9 6 6 ) . Onc e  the 
youn g in  C ad e s  Cove we re  a few weeks  o l d  and l e ft the 
confin e s  of the b u r row , they we re  ob s e rve d freque n t l y  in 
c l o s e  a s s o c i at i on with the fema l e  and t h e i r  s ib l in g s . As 
d i sp e rs a l  d i d  no t occur unt i l  l a t e  May and June , the s e  
fami l i al t i e s  e l ev a t e d  the o b s e rvan c e  o f  s o c i a l  int e r ­
ac t ions dur in g  the  summe r .  Agoni s t i c  b eh av i o r  was fre ­
qu ently  ob s e rved b e twe en the fema l e  and he r young at the  
t ime of  d i s p e rs a l  ( Tab l e  1 1 )  an d sup po r t s  evi dence that  
wean in g and di s p e r s a l  a r e  accomp an i e d  b y  e l evat e d  
aggre s s ion b e twe en the fema l e  and he r young ( B ar a s h  
1 9 7 4 a , 1 9 7 4 b ) . Sho r t l y  a ft e r th i s  p e r i o d , two w o o d chuck s  
we re  o c c as i o na l l y  ob s e rv e d  ut i l i z in g  t h e  s ame bur row and 
due to the i r  smal l s i z e , i t  was a s sume d that they we re  
s i b l ings . G r o oming b e havi o r  o c curred mo s t  fr equent ly in 
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the spr ing a s  s c r a t ching and b i t in g  a i d  in removal o f  the  
he avy win t e r  p e l a ge . 
The frequency di s t r ibut i on o f  b eh avi o r s  exhib i t e d  
by wo odchuc ks ob s e rv e d  in t h e  Cad e s  Cove p opu l at i on was 
s i gn i fi c an t ly di ffe rent from tho s e  exhib i t e d by popul a ­
t i on s  i n  New Yo rk ( Conr ad and F i dura 1 9 7 0 )  and Pennsy l ­
van i a ( B ron s on 1 9 6 2 )  du r ing  comp ar ab l e  t ime p e ri ods  ( Ch i  
Square G o o dne s s  o f  F i t , p < 0 . 0 5 ) . I n  b o t h  no rthe rn 
p opu l at i on s , f o r a g i n g  con s t i tut e d  a much h i gh e r  p r op o r ­
t i on o f  act ivi ty ( Sp r i n g : New York 7 8 % , Tenne s s e e  5 7 % ; 
s umme r :  Pennsylvan i a  7 2 % , Tenne s s e e 4 8 % ) . The abundant 
food sup p l y  and l o n g e r  growin g s e as on in Cad e s  C ov e  con ­
t r i b ut e d  t o  the  d e c r e as e d  fo raging p r e s sure s in t h i s  
s outhe a s t e rn extremi ty o f  the woo dchucks ' r an g e . S o c i a l 
int e r ac t i o n  and agon i s t i c  b ehav i o r  we r e  ve ry l ow in a l l  
thre e s tudi e s , supp o rt ing the o ri e s  that the wo odchuck is  
an  a s o c i al an ima l . 
I t  was ob s e rv e d  that , in add i t i on t o  chan ge s  in 
re l at iv e  act i v i ty an d b e havi o r a l  frequenc i e s , dai ly 
act i v i ty p a t t e rn s  chan ged throu gh the  ye a r . E ar l y  
(Fe b rua ry th rou gh mi d - Ap r i l )  and l at e  ( S ep t emb e r  throu gh 
Decemb e r )  in the y e a r , ac t ivity o c curred p r e dominant ly 
mi dday , re s u l t ing in a un imo dal  di s t r ibut i on for the 
months of Feb rua ry through March and S e p t emb e r  th rough 
N ovemb e r  ( F i gure 6 )  . A t rend o f  b imo d a l  di s t r ib ut i o n  
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F i gure 6 .  D a i l y  ac t ivi ty p a t t e rn s  o f  woo dchucks  in 
Cades  C ove , G SMNP , fo r mon ths  having a un imo dal  di s t r i b u ­
t i on .  
around 1 1 0 0  h ou r s  and 1 6 0 0  hou rs ( F i gure 7 ) . Th i s  g ap 
wi dened w i th an inc r e a s e  in day l en g th un t i l  June and 
Ju l y , when p e ak s  o c cur r e d  at 0 9 0 0  and 1 8 0 0  hrs . The 
opp o s i t e t rend b e g an to o c cur in  Au gus t  with a c onve r -
gen c e  int o a un imo dal  di s t ribut i on in S e p t emb e r ; th i s  
p at t e rn c ont inued unt i l  a c t i v i ty c e a s e d  in  l at e  De c emb e r .  
The di s t r ib u t i on fo r e ach month , when t e s t e d  agains t t h e  
succ e e d in g  mon th , was s i gn i f i c ant ly d i f f e rent for a l l  
c omb inat i on s  e x c e p t  Jun e  and Jul y � wi th 
·
s i gn i f i c an t  Chi 
Square value s r an g in g  from 4 7 . 2  t o  1 3 7 . 3 .  Novemb e r , 
De c emb e r , and January we re  not  t e s t ed a g a in s t  the  fo l l ow ­
ing  mon ths  due t o  l ow a c t ivity  l eve l s . The s im i l ar i ty in 
the June and Jul y  d i s t ribut i on s  i s  p rob ab ly due to t h e  
s im i l a r i ty in env i r onmen t a l  var i ab l e s  a t  t h a t  t im e , 
p a r t icul a r l y  in day l ength . 
The di s t r ibut ional  di ffe r en c e s  that o c cu r r e d  in 
ac t i vity p a t t e rn s  by  month b e c ame mo r e  p ronounc e d  when 
ac t i v i ty was g roup e d  int o s e as ons ( F igure 8 ) . F a l l and 
s p r ing d i s t r ibut ions of ac t i vi ty we r e  b as i c a l l y  un imoda l , 
though a s l i ght  indi c at i on o f  b imod a l i ty o c cur r e d  i n  the 
s p r in g ,  due to the inc l u s i on of l at e  Ap r i l  and e ar l y  May . 
A b imo d a l  di s t r ibut ion wa s very s t ron g dur i n g  the s umme r ,  
a p a t t e rn a t t r ib u t e d  b y  s everal  r e s e arch e r s  t o  h i gh 
t emp e ratu r e s  (Arm i t age 1 9 6 2 , Conrad and F i dura 1 9 7 0 , 
H ay e s  1 9 7 6 ) . Howeve r , in th i s  s tudy , ac t i v i ty was shown 
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F i gure 7 .  Dai l y  act ivi ty p a t t erns o f  wo o dchuc ks in 
C a de s C ove , GSMNP , for month s havin g a b i modal  d i s t r i b u ­
t i on .  
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s umme r  (p . 6 4 ) . Fur the r  evi denc e i s  g iven in Tab l e 1 2  
wh i c h  l i s t s  the range o f  max imum t emp e ratu r e s  fo r d ay s  
o f  o b s e rvat i on b y  month . The me an max imum t empe rature 
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fo r May , a month in wh ich ac t i vi ty was d i s t inc t ly b i ­
modal , was 4 . 7 ° C l owe r th an the me an max i mum t emp e r ature 
for S ep t emb e r , a month i n  which ac t i vi ty exh i b i t e d a 
un imo d a l  di s t ribut i on . The r e for e ,  inh ib i t i on o f  a c t ivity  
a t  t emp e ratu r e s  ab ove 3 1 °  C ,  as  s u g ge s t e d  by  Hay e s  ( 1 9 7 6 ) , 
i s  thou ght n o t  to  b e  the c a s e  w i t h  th i s  popul at i o n . 
The d e c l i n e  in mi dday act i v i ty dur in g the summe r 
d i d ·n o t  app e ar t o  b e  a s  dras t i c  in the T enne s s e e  p opu l a ­
t i on a s  that  repo r t e d  i n  mor e  northe rn p opu l at i on s  
( B rons on 1 9 6 2 ,  C o n r a d  and F i dura 1 9 7 0 ) . Th e abundant 
ve ge t a t i on ava i l ab l e  i n  the Cove , and r e l ax e d  for a g ing 
p r e s s ur e s  a l l ow e d  a c t ivi ty to s p r e a d  mo r e  evenly through ­
out the d ay . A r e l at i on s h ip b e twe en t ime o f  d ay and 
a c t ivi t y  l ev e l s dur ing the s umme r was shown and wa s 
p ro b ab l y  invo lved in  c r e at ing b imodal i ty .  Armi t a g e  ( 1 9 6 2 ) 
s ug g e s t e d  de fe c a t i on a s  the s t imulus fo r eme r g enc e , 
fo l l owed by 1 5 - 3 0 minut e s  o f  sunning and g r o omin g .  S in c e  
al l woo dchuck s  wou l d  h ave b e en a f fe c t e d  b y  t h i s  "ur g e , "  
a c t i v i ty l e ve l s  wou l d  b e  r e l at i vely h i ghe r in t h e  e ar l y  
mo rn in g . B rons on ( 1 9 6 4 )  found ind i v i dual wo o dchuck s t o  b e  
a c t ive for app roxima t e l y  three  hours a d ay r e s u l t i n g  i n  a 
sma l l  p rop o r t i on o f  the popu l at i on b e in g  ac t iv e  at any 
one t ime dur in g  t he day . Coup l e d  w i th re l ax e d  fo r a g ing 
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Tab l e  1 2 . Me an max imum t emp e ratur e s , r an ge s  o f  max imum 
t e mp e r a tur e s , and dai ly d i s t r i b ut i on p a t t e rn s  
fo r o b s e rvat i ons day by month . 
Numb e r  o f  Ran ge o f  
Ob s e rva - Max imum Me an D i s t r i -
t i on Temp e ra - Temp e r a - but i on 
Mo nth Days tures  ture  P at t e rn 
January _, - 7  t o  l 6 ° C  1 . 7 ° C  .) 
Feb ruary 5 - 2  to  8 4 . 7  Un imod a l  
Ma rch 6 1 t o  2 1  9 .  3 Un imo da l  
Ap r i l  9 1 6  to  2 8  2 3 . 2  B imo d a l  
May 7 1 1  to  2 8  2 0  .. 9 B imo d a l  
June 6 2 7  to  3 3  3 0 . 3  B imo dal  
July 1 0  2 8  t o  3 7  3 1 . 6  B imo dal  
Au gu s t  9 2 6  to  3 2  2 9 . 8  B imo d a l  
S ep temb e r  9 2 1  to  30  2 5 . 6  Un imo d a l  
O c t ob e r  7 1 3  t o  2 3  1 9 . 1  Unimo d a l  
Novemb e r 8 7 t o  2 6  1 8 . 6  Unimo d a l  
De cemb e r  ,.. - 1  t o  1 2  8 . 1  Un imod a l  ;) 
p re s su r e s  and l on g  s umme r days , t h i s  fac t wou l d  c aus e 
l owe red  ac t i vi ty durin g mi dday as  supp o r t e d  by  t h i s  
s tudy .  Howeve r ,  a s  s umme r  days are s l i gh t l y  sho r t e r  in 
Cades Cove th an in the mo re  north e rn are as , mo r e  wo o d ­
chucks woul d b e  act ive a t  any one t ime , r e s u l t in g  i n  a 
l e s s  d r as t i c  m id d ay s lump in act i v i ty . The ob s e rved 
inc re as e  in a c t i v i ty s h o r t l y b e fore  s un s e t  may have b e en 
p romp t e d  b y  l owe r l i gh t  intens i ty s t imu l at ing  the wo o d ­
chucks t o  f e e d  and s t o r e  up ene r gy for  the ni gh t . 
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Ac t i v i ty l eve l s  and b eh av i o r a l  fre quenc i e s  var i e d  
in  a r e gul ar  p at t e rn o n  a dai ly b as i s . S i gn i fi c ant 
d i fferenc e s  were found in th e di s t ribut i on o f  b eh av i o r a l  
fre quenc i e s  f o r  the morn in g  ( 0 6 0 0  h r s  t o  1 3 0 0 h r s )  an d 
the a f t e rn o o n  ( 1 3 0 0  h r s  t o  2 1 0 0  hr s ) . Al e r t  ac t i v i t i e s , 
inc luding b o th t h e  up - a l e rt and down - a l e r t  p o s i t i o n s , 
we re p r e dominant du r in g  the f i r s t  hal f o f  the day wh i l e  
for ag i n g  comp r i s e d  t h e  maj o r i ty o f  ac t iv i ty dur ing  the 
l at t e r p e ri o d  ( T ab l e 1 3 ) . Th i s  p at t e rn was e v i d en t  fo r 
a l l  s e as on s  and was a l s o  found to  o c cur in New Y o rk 
( C onrad and F i dura 1 9 7 0 )  an d Penn s y l v an i a  ( B ron s on 1 9 6 4 ) . 
Re s t i n g  b eh av i o r s  oc cur r e d  ab out twi c e  as  f r e qu ent ly 
b e fo re m i dday as  a ft e r , and mi s c e l l aneous  ac t i v i t i e s  
al s o  o c curre d mo re  o ft en i n  the mo rning . N o  d i f fe r enc e s  
we re found to  o c cur i n  the rat e s  o f  t rave l in g  fo r the 
two t ime p e ri o d s . 
Arm i t age ( 1 9 6 2 ) p o s tu l at ed that de fe c a t i o n  i s  the 
Tab l e  1 3 .  The numb e r  o f  wo o d c h u c k s  ob s e rve d i n  e ac h  o f  s i x b eh a v i o r  c a t e g o r i e s , and 
the r e l a t i v e  p r op o r t i on s  o f  t i me d e vo t e d  to e a ch b e h a v i o r , by t i me of d ay . a  
T ime o f  Day S t at is tics Up·- Al ert· Down - Al e r t  Fo ra g i n g  Res t i n g  Tr a v e l i n g  M i s e . T o t a l  
t o t a l  w e b 3 2 7 3  4 5 9 3  6 5 4 0  1 3 5  2 5 7  3 2 9  
0 6 0 0 - 1 3 0 0  h o u r s  
f r e q u e n cy 2 1 . 6 4 %  3 0 . 3 6 %  4 3 . 2 3 %  0 . 8 9 %  1 .  7 0 %  2 . 1 8 %  
t o t a l  w e  4 2 7 3  4 8 8 8  1 2 0 7 2  9 2  4 0 7  3 1 2  
1 3 0 0 - 2 1 0 0  h o u r s  
f r e quen c y  1 9 . 2 0 %  2 2 . 2 2 %  5 4 . 8 9 %  0 . 4 2 %  1 .  8 5 %  1 .  4 2 %  
t o t a l  w e  7 4 9 6  9 4 8 1  1 8 6 1 2  2 2 7  6 6 4  6 4 1  
To t a l 
f r e q u e n c y  2 0 . 1 9 %  2 5 . 5 4 %  5 0 . 1 4 %  0 . 6 1 %  1 .  7 9 %  1 . 7 3 % 
a A  C h i S q u a r e  ana l y s i s  s howe d a s i gn i f i c an t  d i f f e r e n c e  b e twe e n  mo r n i n g  and 
a f t e rn o o n  a c t i v i t y l e ve l s  ( p  < 0 , 0 5 ) . 
bwc = w o o d c hu c k s . 
1 5 1 2 7  
2 1 9 9 4  
3 7 1 2 1  
tTl 
1..0 
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s t imu l us fo r eme rgenc e , with  s unn ing and g r o omlng b eh av i o r  
commonly fo l l owing t h a t  ac � iv i ty . Though de fecat ion was 
n o t  d i s c e rn i b l e  in  the p r e s ent s t udy , re s t in g  ( s ynonymou s 
wi t h  s unn i n g ) , a l e r t , and m i s c e l l aneous b eh av i o r s  ( in ­
c lu d in g  grooming , burrow maint enan c e , and s o c i a l in t e r ­
ac t i on s )  w e r e  common fo l l owing eme r gence . The woodchucks  
may have t e s t ed the i r  envi ronmental  and s o c i a l  s ur r ound ­
ing s at t h i s  t ime wh i l e  foraging ap p ar e n t l y  b e g an only 
a ft e r  the  l o c a l  s i tua t i on was  evaluat e d . 
C l imat i c  E f f e c t s  on Ac t iv i ty 
Four c l imat i c  var i ab l e s  we r e  r e c o rd e d  in thi s s tudy 
( amb i e n t  t emp e r a tu r e , re l a t iv e  hum i d i t y , p e r c en t a g e  
c l oud c o ve r , and p re c i p i t a t i on )  and a l l  but r e l at ive 
hum i d i ty we re s hown to  s i gn i f i c ant l y  a f fe c t  a c t iv i ty over 
a p e r i o d  of  one year ( T ab l e  1 4 ) . H owev e r , when t e s t e d  
w i t h in a s e as on , the s e  s ame var i ab l e s  we re  n o t  a lway s 
s i gni f i c ant ( Tab l e  1 5 ) . Con s iderab l e  r e l at i on s hi p s  
ex i s t e d  b o t h  amo n g  t h e  var i ab l e s  thems e lv e s  and b e tween 
th e var i ab l e s  and var i ou s  b i o l o g i c a l  condi t i o n s  ( fo o d  
s upp ly , c i rc annu a l  and c i rc a d i an rhythms , and rep r o du ct iv e  
condi t i on) . The s e  in t e r r e l a t i o n s h i p s  among var i ab l e s  
c omp l i c at e d  the  t e s t i n g  o f  hyp o t h e s e s  conc e rn i n g  c aus e 
and e ff e c t  re l a t i on s h ip s  b e tween c l imat i c  fac t o r s  and 
a c t i v i ty b ehav i o r .  Th i s  s i tuat i on was p ar t i cu l arly true 
wi th r e l at i ve hum i d i ty . 
When the p ar t i a l  s ums o f  s quar e s  o f  re l at ive 
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T ab l e  1 4 . An aly s i s  o f  var i ance fo r ac t i vi ty o f  wo o d ­
chuck s i n  Cades  Cove , GSMNP , wi th r e s pe c t  
t o  t ime o f  ye ar , t ime o f  day , and c l imat i c  
fac t o r s  fo r a y e a r  p e r i o d . 
S e quen - P ar -
S ourc e o f  t i al  t i a l  
Va r i an c e  d f  s s  s s  F d f  s s  F 
Tot a l  1 0 2  2 8 0 2 0  
D a t e  6 8  1 7 7 3 4 1 4 . 2 3 *  6 8  1 3 7 5 8  1 1 . 0 4 *  
I n t e rval 2 7  7 6 0 3  1 5 . 3 6 *  2 7  2 3 4 0 " 4 . 7 3 *  
C l oud 
Cove r 1 6 4 7  3 5 . 3 2 *  1 1 1 5 7  6 3 . 1 3 * 
Temp e r a -
ture 1 9 2 2  5 0 . 2 9 *  1 2 4 8  1 3 . 5 3 *  
Re l a t i ve 
Humi d i ty 1 9 6  5 . 2 6 *  1 7 0 . 3 7 ns  
P re c ip i -
1 3 . 8 8 * t a t i on 4 1 0 1 8  1 3 . 8 8 *  4 1 0 1 8  
*p < 0 . 0 5 .  
ns  = n o t  s i gn i f i c ant . 
Tab l e  1 5 .  A n n l y s i &  o f  v a r i a n c e  for a c t i v i t y  b e h a v i o r  o f  wood chuc k s  i n  C a d e s  Cove , GS�m P ,  w i t h  r e s p e c t  t o  
t i me o f  ye a r , t i me o f  d a y , a n d  c l i ma t i c  f a c t o r s  fo r w i n t e r , s p r i n g ,  s umme r a n d  f a l l .  
Q\ 
1'-.l 
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hum i d i t y  were t e s t e d  fo r the ye ar , the  F value was  no t 
s i gn i f i c ant . H owev e r , a s t rong re l at i on s h ip with p re c i p i ­
t a t i on was  s u g ge s t e d  b y  the s i gni f i c ance o f  t he s e quent i a l  
s ums of  s quar e s  when re l a t ive hum i d i ty p r e c e d e d  p r e c ip i ­
t at i on ( Tab l e 1 4 ) . Th i s  me ans that  r e l at i ve humi d i ty 
c o u l d  exp l ain a s i gni f i c an t  p o r t i on o f  the var i at i o n  in  
act i v i ty only if  the  p r e c ip i t at i on l eve l wa s unknown . 
Onc e  t h e  l a t t e r  var i ab l e  wa s cons i d e re d , no  add i t i on a l  
var i at i on i n  ac t i v i t y  could b e  exp l a i n e d  by  re l at ive 
hum i d i ty . Howeve r , whe n t e s t e d w i t h in e a ch s e a s on ,  
a c t i v i ty wa s found t o  b e  inve r s e ly p r op o rt i onal  t o  r e l a ­
t ive hum i d i ty in  the summ e r  and wint e r , but n o  re l at i on ­
s h ip was app arent in  the s p r i n g  and fa l l  ( Tab l e  1 5 ) . 
Th i s  f a c t  s u g ge s t s that r e l at ive hum i d i ty o n l y  a f f e c t e d  
wo o dchucks a t  t h e  e x t reme s o f  t he t emp e rature ran g e . 
When t empe ratur e s  we re above the the rma l  neut r a l  z on e  o f  
the  o r g an i s m  and a h i gh r e l ative  hum i d i ty e x i s t e d , he at 
l o s s  through sweat  evap o rat ion was min im a l  s o  the an imal s 
wou l d  p r ob ab l y h ave b ee n  l e s s  ac t iv e . The opp o s i t e  
m i gh t  have o c curred in win t e r  when the amb i ent t emp e r ature 
was far b e l ow the  b o dy t emp e r ature o f  the o r g an i sms and 
mo i s ture incre a s e d  h e a t  l o s s . H i b ernat i on and und e r ­
ground a c t i v i ty wou l d  app arent l y  minimi z e  h e at l o s s . 
Th e e ffec t s  o f  p r ec ip i t at i on on act i v i ty are c l e a r . 
F o r  al l s e a s on s  e x c ep t  wint e r , inc r e a s ing p re c i p i t at i on 
c au s e d  dimin i s he d  ac t iv i ty . A s l i ght rain r e s u l t e d  in a 
s l i ght d e c r e a s e  wh i l e  a mo de rat e o r  hard r a in n o rma l ly 
c au s e d  a c e s s at i on o f  ab ove - ground ac t i v i t y . Snow and 
s l e e t  a l s o  inh ib i t e d  ac t ivity . No e ffe c t  was app ar ent 
during the win t e r due to l ow l eve l s  o f  a c t i v i ty . 
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I n c r e a s ing c l oud cover re sul t e d  in i nc re a s e d  
a c t ivity dur ing  the s p r in g , s umme r ,  and fal l . Th i s  
e f f e c t  c ou l d  b e  due t o  d e c r e as e d  e f fe c t s  o f  s o l ar radi a ­
t i on a t  the sur fa c e  o f  the anima l . The e ffe c t  o f  c l oud 
cover  app e ar s  to b e  g r e a t e s t  dur ing the s umme r whe n  s o l ar 
ra di at i on wou l d  a l s o  b e  the  g r e at e s t . Again , no  e ff e c t  
w a s  found i n  the win t e r  when ac t i v i ty was v e ry l ow and 
spo radi c , and t ime o f  y e ar app e are d to b e  the maj o r  
fac t o r . 
The e ffe c t  o f  amb i e n t  t emp e r ature was  foun d  not  
t o  b e  s i gn i f i c ant wi t h in any s e as on even thou gh i t  was  
s i gn i f i c an t  amon g  s e as on s  ( T ab l e s  14  and 1 5 ) . The  var i a ­
t i on i n  t emp e rature wi thin any s e a s on i s  sma l l comp a r e d  
to the who l e  y e a r . Th e r e fo r e a c t i v i ty c an b e  s i gni fi ­
c an t ly a f fe c t e d  by the ch ange s in  t emp e rature on a y e a r ly 
b as i s  w i thout b e in g  a f fe c t e d  within a p ar t i cu l a r  s e a s on . 
I nhib i t i on o f  act i vi ty at t emp e ratur e s  ab ove 3 1 °  C ,  a s  
s u g ge s t e d  by H ay e s  ( 1 9 7 6 ) , w a s  no t found in th i s  s tudy . 
CHAP T E R  I V  
CONCLUS I ONS 
The ?aj a r  c on c lus i on s  o f  t h i s  s tudy w e r e  d i r e c t e d  
in re s p o n s e  to  t h e  four p r imary o b j e c t iv e s . They included 
the fol l ow in g : 
1 .  Diurn a l  ob s e rvat i on s  r e s u l t e d  in the conc lus i on 
that 7 5 %  of a l l  a c t i ve wo odchuck b ur row s y s t ems in C a d e s  
C o ve were  u t i l i z e d b y  p e rmanent re s i dent s . The r e fo r e , 
the popu l at ion was e s t imat e d  to  b e  8 1 4 ,  1 7 3 5 , and 1 3 5 1  
woo dchuck s f o r  1 9 7 6 , 1 9 7 7 , and 1 9 7 8 , r e s p e ct ful ly . 
2 .  The p opul at i on was found t o  b e  a g gre g at e d  fo r 
a l l  thr e e  ye a r s  and w i th in wo o d l o t s  dur ing 1 9 7 7  and 1 9 7 8 . 
C l ump in g  o c curre d in  r e spons e t o  l and - us e  p a t t e rn s , the  
e d g e  e ff e c t  of  the  wo o d s , and s o c i al i n t e r ac t i on .  No  
c l ump ing was e vi dent w i t h in p a s ture and hay f i e l d . Comp e ­
t i t ion with c att l e , p r e dat i on ,  and s o c i a l int e ra c t i on s  
we r e  ma j o r fac t o r s  influenc ing popu l a t i on numb e r s . Wa t e r , 
r o ads and s o i l s  d i d  n o t  affect burrow l o c a t ion wh i l e  
bui l dings  and h i s t o r i c a l  exhib i t i on s  inhib i t e d  c o l oni z a ­
t i o n . The me an numb e r  o f  entranc e s  p e r  burrow and the 
me an d i s t an c e  b e twe en a c t i ve burrows va r i e d  inve r s e l y 
with p opul a t i o n  s i z e . No s i gn i fi c an t  di ffe rence s exi s t ed 
in  burrow dimen s i ons b e tween ye ar s o r  b e twe en h ab i t at 
typ e s . 
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3 .  Ac t i v i ty l eve l s  o f  wo odchuc k s  var i e d through 
the ye ar due to the chan g ing dens i ty of non - h i b e rnat ing 
anima l s  an d t o  the chan g i n g  act i v i ty l eve l s  of ind iv i dua l s . 
Me an l eve l s  o f  a c t ivity  ob s e rved p e r  hour inc r e a s e d  from 
Feb ruary th rou gh June a s  wo odchucks eme r g e d  from h i b e rn a ­
t i on , ind i v i du a l  ac t i vi ty inc r e a s e d , and young app e ar e d , 
then d i s p e r s e d . Re l ax e d  fo r a g ing p r e s s ur e s  and l o c at i on 
o f  home burrows by  j uveni l e s  r e s ul t e d  in a d e c l ine in  
a c t i v i ty th rou gh Au gu s t , fo l l owed by inc re a s e d  f o r a g in g  
p r e s sure s and in c r e a s e d  a c t iv ity l eve l s  i n  S ep t emb e r  and 
Oc t o b e r . Ac t iv i ty r ap i dl y  d e c l ined in Novemb e r  and 
D e c emb e r  as woodchucks ent e r e d  h ib e rna t i on . Th i s  p a t t e rn 
re s emb l ed a c t i v i ty in P e nnsylvan i a , s h i ft e d  s l i g h t l y  due 
t o  s ho rt e r  dur a t i on o f  h ib e rnat ion in the  S ou t h e a s t .  
D a i l y  ac t i vi ty p at t e rn s  chan g e d  through the y e a r , 
a unimo d a l  d i s t r ibu t i on o c curring from Feb ruary throu gh 
m i d - Ap r i l  and S e p t emb e r  through D e c emb e r  whi l e  a b imo dal  
d i s t r ibut i on o c cu r r e d  from mi d - Ap r i l  t hr ou gh e ar ly 
S ep t emb e r .  The b imo d a l  re s p o n s e  d i d  not  o ccur due t o  
inh ib i t i on o f  a c t i v ity at t emp e r atur e s  above 3 1 °  C as 
s ug g e s t e d b y  an e a r l i e r  s t udy . P re c ip i t a t i on , c l oud 
cove r , and temp e rature a f fe ct e d  ac t iv i t y  ove r a one - ye ar 
p e ri o d ,  whi l e  r e l at ive  humi d i ty d i d  not . Howev e r , the  
e ffect s of  c l imat i c  fac t o r s  var i e d  a c c o rding to  s e a s on . 
The e f fe c t s  o f  p r e c i p i t a t ion were  ne gat ive f o r  the s p r in g , 
s uw�er , an d f al l , wh i l e  no e f fe c t s  we re  evi de n t  in  the 
w i n t e r . I n c r e a s e d  c l oud cove r r e s ul t e d in in c r e a s e d  
act i v i ty i n  t h e  s p r in g , s umme r ,  and fa l l , and a g a i n  no 
e ff e c t s  w e r e  ap p arent du r i n g  the win t e r . Temp e ra ture 
did not a f f e c t  ac t iv i t y  wi t h in any s e a s on , though re l a ­
t i ve humi d i ty inh i b i t e d  ac t iv i ty dur in g the s umme r and 
wint e r  b ut h ad no  e f fe c t  during  the s p r in g  and fa l l . 
4 .  The frequency di s t ri but i on o f  the v a r i o u s  
b eh avi o r s  s h i ft e d  s e a s onal ly . F o r a g ing c on s t i tut e d  the 
dominant b eh a v i o r  in a l l s e a s on s , and var i e d  inve r s e l y  
with a l e r tne s s  a s  t h e  l at t e r  rep re s e n t e d  in t e r rup t i o n s  
in fo r a g i ng . B eh av i o r al change s occurred p r ima r i l y  in 
r e s p on s e  t o  r e p r o duct ive condi t i on , e nvi ronment a l  condi ­
t io n s , and s o c i a l  i n t e r a c t i on s . The frequenc i e s  o f  
d i ffe r ent b eh av i o rs al s o  changed a c c o rdin g  t o  t ime o f  
day . Re s t in g , a l e rtne s s , t rave l in g , and mi s c e l l aneous  
b ehavio r s  we r e  m o r e  p re val ent dur ing the mo rn i n g  hours , 
whi l e  f o r a g in g  wa s pre dominant dur in g the a ft e rno o n . 
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S e a s on a l  chan g e s  in the we i gh t s  o f  woo dchuck s .  
J .  Mamma l . 4 2 : 2 9 7 - 3 1 2 . 
S t e e l e , R . G . D .  an d J .  H .  Terr i e . 
p r o c e dure s o f  s t at i s t i c s . 
Co . ,  N . Y .  4 8 1  pp . 
1 9 6 0 . P r incip l e s  and 
Mc G r aw and H i l l  B o ok 
Tann e r , J .  T .  1 9 7 8 . Gu i de to  the s tudy o f  an imal p opul a ­
t l on s . The Un iv . o f  Tenn e s s e e P re s s , Knoxvi l l e , 
Tri • 1 7 2. pp . 
Thomp s on , M .  P .  1 9 7 1 . F e e ding and b urrowing e f fe c t s  o f  
woodchuck s ( Marmo t a  mon ax) , on o l d  fi e l d  ve ge t at i on . 
Unpub l i s h e d  Ph . D .  Di s s e r t at ion , S outhe rn I l l i no i s  
Un i v e r s i ty .  1 1 6  pp . 
Twi che l l , A .  R .  1 9 3 9 . No t e s  on the s outhe rn wo o dchuck 
in  Mi s s o uri . J .  Mammal . 2 0 : 7 1 - 7 4 .  
VI TA 
C athy A .  Tay l o r  was b o rn on 5 May 1 9 5 4 , in D avenp o r t , 
I owa . S h e  a t t en d e d  e l ement ary s choo l s  in B e t t endo r f , I owa , 
Mount L e b anon , P enn s y l van i a , and Maryvi l l e , Tenn e s s e e . I t  
wa s in  the l at t e r  c i ty that she  re c e ived he r h i gh s c ho o l  
dip l oma from Maryv i l l e  H i gh S cho o l  i n  Jun e 1 9 7 2 .  Up on 
e n t r an c e  t o  The Un iv e r s i ty of T enne s s e e , Knoxvi l l e in  
S ep temb e r  1 9 7 2 , s he enro l l e d  in the gene r a l  b i o l o gy 
cur r i culum and in Jun e 1 9 7 6 , gr adua t e d  w i th a B ach e l o r o f  
Art s  de gre e . The fo l l ow in g  S ep t e mb e r  s h e  a c c ep t e d  a 
t e ach in g a s s i s t an t s h ip through the G r aduat e P r o g r am in  
E c o l o gy at The  Un ive r s i t y  o f  Tenne s s e e , Knoxvi l l e  and 
b e g an s tudy t owards  a Mas t e r  o f  S c i en c e  de gr e e . Tha t  
de g r e e  w a s  c on f e r r e d  t o  h e r  i n  June 1 9 7 9 . 
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